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HE most obvious fact in the industrial life of to-day is the enor- 
mous increase of productive power over that of any previous 
period. Steam and electricity have transformed civilization, endowed 
us with vaster powers, and altered profoundly the conditions of life. 
Things that could not have been done at all, things that could only | 
have been done slowly and laboriously by unaided human exertion, 
have been done with swiftness, exactness, and certainty by the agen- 
cies created by human thought and skill. Things that were among 
the undreamed possibilitiés are now among the commonplaces of our 
lives. Machinery, dividing labor to an almost infinite degree, has 
multiplied its effectiveness manifold. The railroad and the telegraph, 
bringing men into closer and more intimate relations, have incaleula- — 
bly facilitated exchange. As a result of this greatly enhanced power 
of production, the accumulation of wealth has gone on at an unexam- 
pled rate. Enterprises, however great, need no longer fail for lack of 
the requisite capital. Works can now be undertaken that in a former 
age would have seemed and would have been utterly chimerical. We 
no longer feel that it would be useless to invent railroads because of 
the immense capital needed to build them. 

With this increase of wealth and productive power great ameliora- 
tions have been expected. It has been the guiding and dominant faith 
of this era of remarkable material progress that these new agencies 
would steadily tend to lift all classes to a plane of greater material 
comfort. With productive power outrunning consuming power, there 
would be enough for all. Wealth would become equalized, so that 
each would receive a share of that produced proportional to his contri- 
bution to the common stock. The chasm between the very rich and 
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the very poor would be bridged. Human powers, no longer the slaves 
of material needs, would have room to grow ; human life, relieved of 
want and the fear of want, could expand indefinitely in grace and 
beauty. With time, however, this faith, if not shattered, has been 
weakened. Improvement has followed improvement, but it has not be- 
come easier to make a living ; the difficulty rather increases. Wealth 
has shown no tendency to become diffused, but rather one to aggre- 
gate into comparatively few hands. In spite of all this wonderful ad- 
vance, wages tend steadily to a minimum ; and to the lowest class of 
society—the class that is just able to live—there is little promise of 
better things. 

. With the growth of industrial organization in complexity and 
variety, the increasing strife between employers and employed, the 
frequent recurrence of periods of business depression, which exhibit in 
an exaggerated form simply the ordinary conditions of industrial life, 
the question of the right relation of labor and capital to each other 
and to the industrial fabric presses with increasing strength for an 
answer. Employer and employed alike feel that there must be some- 
thing amiss in an industrial system in which, with want unsatisfied, 
labor can find no employment and production no market ; in which, 
with increase of productive power, poverty finds no abatement. And 
the importance of the question is in proportion to its persistence. 
Beside it all other questions sink into comparative insignificance. 
For all other progress is inextricably bound up with that of material 
welfare. It is idle to expect the growth of better conduct or of higher 
feelings in the man whom want stares in the face, Purer surround- 
ings, better food, greater comforts, some relief from unremitting toil— 
these are the essential conditions of an improved life. Why poverty 
persists is the fundamental social question of our time, and must be 
of all times, until it receives a complete and satisfactory answer. 


A thorough consideration has recently been made of this question, 


and a remarkable answer returned—an answer that finds the solution 
of the problem in a direction where most people would least expect to 
find it. In “Progress and Poverty” Mr. Henry George has made a 
careful and systematic inquiry into the conditions of the production 
and distribution of wealth, the relations of labor and capital, and has 
_ traced out the action of what he considers the cause of the continued 
association of poverty with advancing wealth. However unpalatable 
its conclusions to certain large classes of the community, this book 
must, from its clearness of statement, ingenuity of argument, its large 
human sympathy, and the broad and philosophic spirit with which the 
question is treated, claim the attention of all who realize the paramount 
importance of the subject and the value of a thoughtful contribution 
toward its elucidation. 

Mr. George holds that the causes which determine the persistence 
of poverty are a part of those which produce progress, and not extra- 
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neous forces which progress tends to overcome. In support of this” 
he points out certain facts which, though frequently noted, have re- 
ceived a different interpretation. “When the conditions,” he says, 
“to which material progress everywhere tends are most fully realized 
—that is to say, where population is densest, wealth greatest, and the 
machinery of production and exchange most highly developed—we 
find the deepest poverty, the sharpest struggle for existence, and the 
most enforced idleness. It is to the newer countries—that is, to the 
countries where material progress is yet in its earlier stages—that 
laborers emigrate in search of higher wages, and capital flows in 
search of higher interest.” It is here that, “though you will find an 
absence of wealth and all its concomitants, you will find no beggars. 
There is no luxury, but there is no destitution. No one makes an easy 
living, nor a very good living ; but every one can make a living, and 
no one able and willing to work is oppressed: by the fear of want.” 
Such facts, Mr. George thinks, justify the belief that somewhere in 
the industrial fabric there must be a fundamental wrong—a social 
maladjustment that with increasing force, as progress proceeds, tends 
to continue and deepen poverty. 

His inquiry, in which he has taken nothing for granted, but has 
examined anew all the doctrines of our current political economy, has 
led him to the conclusion that the prfmary cause of the low returns to 
labor and capital is to be found in the private ownership of the land 
of the earth, which is by right the common heritage of all. He rejects 
the common notion that there is an antagonism between labor and 
capital, and holds, on the contrary, that they are both robbed of their 
full earnings by the landholder. Labor can only produce wealth by 
having access to the materials it is to fashion, all of which are drawn 
from the earth, and by having such opportunities to occupy the land 
as its needs require. Whoever, then, can claim a right to the land 
can name the conditions upon which these materials can be obtained 
and this occupation allowed. Whoever commands the land commands 
the fruits of labor spent upon the land. Before labor can exert itself 
it must ask permission, and the price of this permission is the tax that, 
acting with accelerating power as civilization goes on, denies to labor 
and capital their rightful share in the wealth they have produced. 

In claiming that private property in land is a wrong, Mr. George 
is not alone. He has with him the best thought of all times. Nearly 
every economist and social thinker of eminence who has made an in- 
vestigation into the basis of property has found no warrant for the 
private ownership of land. They have all seen that a natural agent, 
which is necessary to human existence, and which can neither be in- 
creased nor decreased by human exertion, can by no process whatever 
become the rightful property of one man or any number of men, save 
all men. And most have seen that to finally settle on an equitable 
basis this question of the ownership of land will be, as Mr. Spencer 
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“one of the most intricate problems society will one day have to 
solve.” But though the inequity of private property in land has been 
so generally seen, and though it has also been seen that grave practical 
injury must result from such a wrong, no one, so far as I know, has 
before attempted to follow out the effects of this wrong in all the 
ramifications of industrial society. To understand in any way ade- 
quately Mr. George’s position, the arguments which support his con- 
clusions, and the facts which he has brought to bear upon the ques- 
tion, a study of his book is necessary ; but some idea may be gained 
of the character of his inquiry, though none of his interesting and 
graphic treatment, by such an outline as can be here given. 

Land and labor are the two factors from whose union springs all 
wealth. Land is the storehouse of all materials, and the place on 
which all labor must be exerted. Labor is the force which unceasingly 
shapes these materialg into forms suited to human use. Between 
these two factors all the wealth created must be divided. Labor may, 
however, be separated into two forms, past and present, or capital and 
labor. The division of wealth, then, is between land, capital, and 
labor. The respective shares of these factors are rent, interest, and 


Before proceeding it will be necessary to determine the meaning 
Mr. George attaches to some economic terms used. In an economic 
sense labor is all human exertion in the production of wealth. Wages 
is the return made to this exertion. The payment received by the 
hired laborer, the clerk, or the professional man, the game of the 
hunter or the gold of the gold-digger, are equally wages. The kind 
of work done, or whether the work is done for one’s self or for some 
one else, does not affect the character of the compensation. Whatever 
is recompense for exertion is wages. As to the meaning of capital, 
economists are not so well agreed. Mr. George defines it as “that 
part of wealth used to obtain more wealth ”—the part in the hands of 
the producer to be devoted to productive uses. The term “wealth” 
Mr. George confines to those things whose destruction would decrease 
and whose increase would augment the aggregate possessions of a 
community. Bonds, mortgages, etc., when they are between the 
members of a community, are not, in this sense, wealth. By land is 
to be understood all natural capabilities, which are a gift to man. It 
includes fertile fields, ore-deposits, water-powers, the air, the sea, etc. 
Rent is the compensation received by the owner of any of these natu- 
ral capabilities for their use. In ordinary speech the term is used to 
express the return for the use of some of the products of labor and 
capital, such as houses, improvements made on land, machinery, etc., 
but as used in economics it excludes the return made for any of these 
things. Return for the use of such things is properly interest on capi- 
tal ; return for the use of those things freely given by Nature to man 
is alone rent. 
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“The cause,” says Mr. George, “ which produces poverty in the 
midst of advancing wealth is evidently the cause which exhibits itself 
in the tendency, everywhere recognized, of wages to a minimum.” 
The inquiry can therefore be put in the form, “ Why, in spite of in- 
crease in productive power, do wages tend to a minimum, which will 
give but a bare living?” The answer given to this question by eco- 
nomic science has been the wage-fund theory. This theory holds that 
wages are determined by the ratio of the number of laborers to the 
capital devoted to their employment. As capital is the result of sav- 
ing, industry can proceed no faster than this saving is effected. The 
wage-fund remaining the same, any increase in the number of labor- 
ers means a decrease in the share of.each, and the reverse. The in- 
crease in the number of laborers constantly tends to overtake and sur- 
pass the increase in capital, and hence wages steadily tend to the 
minimum upon which laborers will consent to live and reproduce. 
The theory in this form is now pretty generally abandoned, but, as it 
is still held that wages are advanced out of capital, Mr. George con- 
siders that the abandonment is more nominal than real. On the con- 
trary, he holds that wages are never advanced out of capital, but are 
drawn from the product of the labor for which they are paid. Labor 
creates wealth, and it is not until this wealth is created that labor re- 
ceives its wages. The stock of capital on hand is neyer diminished by 
having to be paid for labor, but labor, as it goes along, creates the 
stock from which it is paid. Of the facts out of agreement with the 
wage-fund theory one of the most obvious is, that wages and interest 
do not vary inversely. By the theory, wages should be high where 
capital is abundant, and low where capital is scarce. The very reverse, 
says Mr. George, is true. Wages and interest rise and fall together. 
Labor moves for higher wages where capital flows for higher interest. 
Wages are high in new countries where capital is scarce, and low in 
old ones where it is abundant. This fact is generally noted by econo- 
mists, but it is explained by them as due to the relatively greater pro- 
duction of wealth in new than in old countries. This, Mr. George 
holds, is demonstrably untrue. 

The wage-fund theory also teaches that labor engaged in produc- 
tion is maintained out of present capital—that is, that present labor is 
subsisted on the product of past labor. This, Mr. George holds, is 
as baseless as the doctrine that wages are paid out of capital. He 
maintains that it is not at all necessary that there should have been 
a previous production of wealth sufficient to maintain the laborer. 
“It is only necessary,” he says, “that there should be, somewhere 
within the circle of exchange, a contemporaneous production of suf- 
ficient subsistence for the laborer, and a willingness to exchange this 
subsistence for the thing on which labor is being bestowed.” A 
government, when undertaking a work of years, does not collect a 
stock sufficient to support the laborers until the completion of the 
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work, but it appropriates the subsistence necessary from present and 
future production, taking it in the form of taxation. No part of the 
world really lives on past production—that is, out of the savings of 
past labor. The whole world really lives from hand to mouth. Let 
the entire production of any great city be stopped for a day, and it 
would become evident how entirely men are dependent upon present 
production. The worker, therefore, on any prolonged enterprise does 
not draw his subsistence from past labor. He simply draws from the 
present amount of wealth a certain part in one form after he has 
added to present wealth a certain amount in another form. “The 
series of exchanges which unite production and consumption may be 
likened,” says Mr. George, “to a curved pipe filled with water. If a 
quantity of water is poured in at one end, a like quantity is released 
at the other. It is not identically the same water, but is its equiva- 
lent. And so they who do the work of production put in as they take 
out—they receive in subsistence and wages but the produce of their 
labor.” 

Capital, then, neither pays the wages of labor nor subsists laborers 
in production, yet it has a function in production. This function is, 
holds Mr. George, to assist labor by providing it with better tools ; by 
enabling labor to avail itself of the reproductive force of nature, as 
to get corn by sowing it, etc.; by allowing the greater division of 
labor, and thus vastly increasing its efficiency ; and by holding and dis- 
tributing the results of labor through exchange. To make exchange 
perfect there must constantly be great stores of goods in warehouses, 
ships, and railroad trains—goods held to supply the market, and goods 
on their way to market. To make labor effective, there must be many 
and various tools, factories, engines—all sorts of machinery. These 
tools and these goods in the hands of the producer are capital. Capi- 
tal may limit the form and productiveness of industry by not supply- 
ing these tools or not rendering it this service in exchange, but to do 
this is a vastly different thing from limiting the exertion of labor, 
which is what the current doctrine teaches. 

The wage-fund theory of the relations of eapital and labor thus 
proves upon analysis to be untenable. The theory is and has always 
been weak. It has gained its ascendancy and almost universal accept- 
ance, not from its own strength, Mr. George thinks, but from other 
considerations. Behind this theory stands another theory, that offers 
an explanation of continued poverty, and that fits into the other so as 
to lend it support in all directions. This theory is the Malthusian 
doctrine of population. This doctrine is, that population tends to in- 
crease faster than the means of obtaining food. Population presses 
with greater and greater force against the limit of subsistence. The 
limit is not a fixed but an elastic one, and the pressure exhibits itself 
in an increasing difficulty in procuring a living, and in that degree of 
want that will always keep population within the bounds of subsist- 
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ence. How this and the wage-fund theory mutually support each 
other is evident. “ According to the current doctrine of wages,” says 
Mr. George, “ wages fall as increase in the number of laborers necessi- 
tates a more minute division of capital ; according to the Malthusian 
theory, poverty appears as increase in population necessitates the more 
minute division of subsistence. It requires but the identification of 
capital with subsistence and number of laborers with population to 
make the two propositions as identical formally as they are substantial- 
ly.” Mr. George does not deny that the capacity of the earth to sup- 
port life is limited, and that there are, therefore, bounds to the popu- 
lation that can exist, but he does deny that there is any tendency of 
population to outrun subsistence, or that there has ever been any his- 
toric instance of a people unable to continue from such a cause. 

In support of this view Mr. George reviews the condition of China, 
India, and Ireland, to find that in none of them population has yet 
pressed upon the means of subsistence so as to decrease the relative 
production of food, or to increase poverty, vice, misery, and crime. 
The lower animals, indeed, may press against the limits of subsistence. 
They can only take such food:as can be found. With man the case is 
widely different. By breeding he can take advantage of the greater 
rate of reproduction of the lower animals and of the reproductive 
rate of plants. His powers of producing food may be indefinitely ex- 
panded, while his rate of reproduction is in the course of civilization 
not increasing. Historically the doctrine is not found to be true, and 
it is not consonant with many of the facts of observation. The es- 
sence of the doctrine of Malthus is, that the power of producing 
wealth does not keep pace with population—that in a dense population 
the power of producing wealth is proportionately less than in a sparse 
one. It may be objected that “the power of producing wealth ” should 
read “the power of producing food.” But, so long as the whole earth 
can supply enough food for the whole of its inhabitants, the power 
of producing wealth in any community is equivalent to the power of 
producing food, because, in consequence of a multitude of exchanges, 
wealth commands food. That a dense population produces less wealth 
per member than a sparse one is glaringly at variance with the facts. 
It is in the very densest population that this power increases enormously 
in proportion to the number of people. It is to effect this result that 
all the labor-saving machines exist and all the appliances of exchange 
have been called into being. 

The Malthusian doctrine of population and the wage-fund theory 
of the relations of labor and capital being disproved, the ground is 
cleared for a consideration of what their true relations are. 

-As before stated, all wealth produced must be divided between 
three things—land, labor, and capital. The shares of these factors in 
production must stand in some relation with each other, such that two 


of them being given the other is determined, or that, one being given, 
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the joint share of the other two is determined. In current economic 
doctrine there is no correlation between the laws determining the 
shares of these factors, and the nomenclature does not clearly or cor- 
rectly express the shares into which wealth is divided. It is common 
for economists to speak of the division into rent, wages, and profits. 

Rent clearly expresses the return made to landholders for the use 
of the land, and wages the return made for exertion of whatever kind ; 
but profits does not express the return made for the use of capital. 
It includes, as well, that return made for labor in guiding and direct- 
ing a business, commonly spoken of as the “wages of superinten- 
dence,” and also the return for risk of capital. Wages of superinten- 
dence properly belong under wages, and, considering the entire field of 
industry, risk is eliminated. There is then left interest, which expresses 
all and no more that is properly the return made for the use of capital. 
The division of the produce is, therefore, into rent, wages, and inter- 
est. The laws of each of these will be found to correlate, and this 
interdependence is presumptive of their truth. 

What, then, is the law of wages? In a primitive state of society, 
or in any of those simple occupations where a man works for himself, 
without calling in the use of capital, the whole result of his labor con- 
stitutes his return—his wages. The man who picks berries, hunts, or 
fishes, evidently has the berries picked, the game obtained, and the 
fish caught as the reward of his exertion. The wages of any number 
of laborers would be the whole amount produced, and the share of 
each would be proportional to the amount his labor contributed to the 
general stock of produce. But labor can not proceed very far be- 
fore tools become necessary. Instead of all the labor being devoted 
to the things that are desired for consumption, part of the labor 
must be devoted to making tools that will facilitate the production 
of the things desired. These tools are capital, and the whole produce 
now obtained by the joint action of labor and capital will not go to 
labor alone, but will be divided between the two. Mr. George holds 
that interest is due simply to the value that the vital or reproductive 
forces of nature give to the element of time, the return for capital in 
any form being averaged with the return to capital in those forms 
in which these forces come into play. The constant tendency is to 
an equation between interest and wages, so that the return to capital 
and labor will be the same for the same work done. Labor and capi- 
tal, therefore, would divide up between them the entire produce re- 
sulting from their union, each having a share proportionate to its con- 
tribution to the whole. But they are not permitted to make such 
division. A third party claims a share—the landholder. 

If one man owned all the land that was open tp capital and labor, 
he would have absolute control over the produce of these agents. He 
could take, if his authority were respected, any part of it, or all of it, 
as he was inclined. In actual industrial society, however, land is in 
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too many hands to enable the owners to get whatever share of the 
produce they please. Competition determines the rate at which dif- 
ferent lands will rent. The law, which in a condition of free competi- 
tion determines this share of the landholder, is known as the law of 
rent. Though not first stated, it was first prominently brought for- 
ward by Ricardo. As formulated by him, it has been accepted by 
every economist of position since his time, and is one of the few doc- 
trines of current economics that in the conflict of opinion have re- 
mained unshaken. Mr. George regards it as axiomatic, the terms 
having only to be correctly apprehended in order to meet with accept- 
ance. This law is that the rent of land is determined by the excess 
of produce over that amount which the same application of labor and 
capital will obtain from the least productive land in use. The returns 
to capital and labor do not depend solely upon the amount and effec- 
tiveness of each, but they also depend upon the productiveness of the 
land upon which they are applied. When lands of different degrees 
of productiveness are open to them, they will apply themselves to the 
most productive, and their return will be the entire produce resulting. 
As land less and less productive remains open to them, the amount 
that they can produce on it decreases. Hence, on account of the com- 
petition for the more productive lands, land-owners are able to appro- 
priate to themselves all of the produce obtained above that which the 
same labor and capital can obtain from the least productive land in 
use—the most productive free tothem. The law, of course, applies 
to all lands used for any purpose whatever, though in the current 
statement of it too exclusive attention is generally paid to its relation 
to agriculture. 

The relations of the shares of the three factors in production may be 
shown more clearly in the form of an equation : Produce = rent +- wages 
+ interest, or produce — rent = wages + interest. How rent affects in- 
dustry is now evident. The laws of both interest and wages appear as 
corollaries of this law of rent. For this law states that, no matter what 
the productive. power of labor and capital, these two agents can only 
receive in wages and interest that part of the produce that they could 
have obtained on land free to them. Thé reward of labor and capital 
does not depend upon what they have produced, but upon what is left 
after rent is taken out. “The moment,” says Mr. George, “this sim- 
ple relation is recognized, a flood of light streams in upon what was 
before inexplicable, and seemingly discordant facts range themselves 
under an obvious law. The increase of rent which goes on in pro- 
gressive countries is at once seen to be the key which explains why 
wages and interest fail to increase with increase of productive power. 
. . - When production increases, as it is increasing in all progressive 
countries, wages and interest will be affected, not by the increase, but 
by the manner in which rent is affected. If the value of land increases 
proportionally, all the increased production will be swallowed up by 
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rent, and wages and interest remain as before. If the value of 1and 

increases in greater ratio than productive power, rent will swallow up 

even more than the increase ; and, while the produce of labor and cap- 

ital will be much larger, wages and interest will fall. It is only when 
the value of land fails to increase as rapidly as productive power 
that wages and interest can increase with the increase in productive 
power.” 

The conclusion reached by Mr. George as to the laws which gov- 
ern the distribution of wealth may now be stated in such form as to 
show their relation to each other, and to contrast them with the laws 
as taught by current economics. According to Mr. George— 

“Rent depends on the margin of cultivation, rising as it falls, and 
falling as it rises. 

“Wages depend on the margin of cultivation, falling as it falls, 
and rising as it rises. 

“Interest (its ratio with wages being fixed by the net power of in- 
crease which attaches to capital) depends on the margin of cultiva- 
tion, falling as it falls, and rising as it rises.” 

_ As taught by the economists, rent is the same. 

“ Wages depend upon the ratio between the number of laborers 
and the amount of capital devoted to their employment. 

“Interest depends upon the equation between the supply of and 
demand for capital ; or, as is stated of profits, upon wages (or the cost 
of labor) rising as wages fall, and falling as wages rise.” The wide 
difference between the two sets of laws thus contrasted is evident. In 
the laws as generally taught there is no mutual relation by which they 
are all bound in a single whole. As stated by Mr. George, on the con- 
trary, they all correlate with each other, and form a complete whole. 

The conclusions embodied in these laws are : That, where land is 
free, labor when unassisted by capital will take the whole produce ; 
that where it is assisted by capital it will take the whole, less the 
amount necessary to induce the storing up of labor as capital ; where 
part of the land is appropriated, labor and capital will receive what is 
left of the produce after the deduction of rent, or what they could 
have produced or land free to them ; when all land is appropriated, 
the return to labor and capital can be forced to the limit on which 
these factors will consent to reproduce. This being the relation be- 
tween the three factors in production, it remains only to see the man- 

_ner in which increase in population and improvement of the arts affect 
rent, to understand the full effect of the force that presses so con- 
tinuously upon industry. 

While Mr. George allows the effect that increasing population 
would have in increasing rent by lowering the margin of cultivation, 
he yet thinks that this ig not the main way in which it affects rent. 

As population increases in any co1amunity, certain land—land at the 
center of trade and production—acquires new powers, an increased 
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productiveness. Labor spent on this land can produce results not only 
vastly greater than it could on land beyond the boundaries of this 
population, but results that it could not produce at all beyond those 
boundaries. As the village grows into the city, the nearness of men to 
each other, the division of labor that becomes possible, the greater econ- 
omies that follow in consequence, the immense facilities of exchange, 
increase the effectiveness of labor exerted in the center of population 
enormously. Here is the market to buy and sell ; here the services of 
the professional man, the tradesman, of any and everybody, become 
of much greater value to them than they could possibly be elsewhere. 
Instead of a few men working over a piece of ground, here are multi- 
tudes of men to the acre, on floors one above another, producing vastly 
more than the same number could over a wider area. All these ad- 
vantages adhere to the land—to this particular land in the center of 
industry, and these advantages have to be paid for. By the law of 
rent, all the produce resulting from this increased effectiveness of la- 
bor and ease of exchange—that is, more than what the same labor and 
capital could procure on land free to them—goes to the landholder. 
Population, then, as it becomes dense, enormously increases rent. 

And the increase of improvements in the arts affects rent in the 
same way. All labor-saving machines can affect production in one 
of two ways. Production may remain the same, and a certain amount 
of labor be set free, or the same amount of labor may be used, and 
production be increased. In an active civilization like ours, the main 
effect will be in the latter way. For, by the conditions of industry, 
labor can not take advantage of its increased effectiveness by resting, 
but must press for employment, and hence the effect of labor-saving 
devices will be to increase the wealth produced. But to the produc- 
tion of wealth land is necessary, hence the demand for land must 
constantly increase, steadily forcing down the margin of cultivation. 
Thus, without any augmentation of the population, rent is advanced. 

In the speculative rise in the value of land, there is a further 
force acting in the same direction as these others. In every growing 
community there is a confidence that land will increase in value, which 
leads to the holding of land for such increase. This speculative rise 
in the value of land shows itself in higher rents. 

In this speculative increase of land-values, Mr. George finds the 
primary cause of those periodic depressions of industry which we 
term “hard times.” The essential feature of such a period is the cir- 
cumstance of numbers of men, able and willing to work, seeking em- 
ployment vainly ; great masses of capital lying idle ; quantities of 
goods in warehouses and stores unsalable. It is not that produc- 
tive power has been too active ; it is not that consumption has been 
too great. The over-production and over-consumption theories have 
never been satisfactory. Economists have seen that, as the very 
object of industry is to produce wealth, there can never be too much 
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wealth, and men generally have seen that the desire for consump- 
tion is not lessened. They have all felt that the difficulty lay rather 
with a choking of exchange. There has been a hitch somewhere 
by which production and consumption could not meet and satisfy 
each other. Looked at closely, an industrial crisis always reveals the 
fact that there has somewhere been a check to production. These 
producers stopping, their demand for the things they consume ceases, 
and the check is thus rapidly propagated throughout the entire in- 
dustrial organization, cessation of demand resulting in cessation of 
supply, and this in turn manifesting itself in a new cessation of de- 
mand, It is not necessary that production be really less, but only less 
relatively. In an advancing community, the failure of production to 
increase proportionally would have the same effect as decreasing pro- 


duction in a stationary one. How, then, is this check in production 


brought about? If we trace it from one point to another, we shall 
ultimately find it in some obstacle which checks the expenditure of 
labor on land. The speculative advance in rent crowds down wages 
and interest to the point at which they will no longer consent to repro- 
duce, production ceases, and the effects of this stoppage are propagated 
throughout the entire framework of industry. Deduction from the 
law of rent shows that uncliecked rise in rent must show itself in an in- 
dustrial crisis, and the facts, he holds, abundantly support the deduc- 
tion. Production may be likened to a steam-engine and rent to its gov- 
ernor. A lightened load, an increased pressure, and the engine bounds 
forward with accelerating speed. But the power that drives the engine 
drives also the governor ; the force that has doubled the speed is ,the 
force that must ultimately check it—the governor, overtaking the en- 
gine, throttles the power that gives it action. And so in endless repe- 
tition. 

Here, then, is the explanation of the facts that mystify and per- 
plex whoever considers them. Here, then, in the relation of rent to 
wages and interest is the primary cause of the failure of invention and 
discovery to benefit the workingman. Wages and interest steadily 
tend to a minimum, but the incontestable fact in material progress is 
the rise in land-values. The great machinery of modern industry does 
not benefit labor and capital, because it does benefit the landholder. 
So long as men can control the land which all must use, they can com- 
mand all the fruits of labor above what is necessary to a bare living. 

“ Everywhere, in all times, among all peoples,” says Mr. George, 
“the possession of land is the base of aristocracy, the foundation of 
great fortunes, the source of power. Assaid the Brahmans ages ago— 
‘To whomsoever the soil at any time belongs, to him belong the 
fruits of it. White parasols and elephants made with pride are the 
flowers of a grant of land.’” 

Mr. George does not think that he can be said to have advanced 


any theory, but that he has only pointed out the most obvious rela- 
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tions. Taking the accepted law of rent, he has only insisted that, 
where the whole produce is between three factors, the law that de- 
termines the share of one must necessarily give the share of the other 
two. He has only pointed out that, if rent takes all above a certain 
amount, wages and interest can’t have more than this amount. 

The fact that the laws of wages, interest, and rent must be mutu- 
ally dependent, Mr. George thinks so evident, that he marvels that so 
many acute thinkers could have failed to grasp the proper relations. 
He is even tempted to believe that some have seen, but, seeing also the 
enormous consequences, have turned away, remembering that “a great 
truth to an age which has rejected and trampled on it is not a word of 
peace, but a sword !” 

In finding the cause of the persistence of poverty in the continuous 
advance of rent, the remedy is at the same time found, and Mr. George 
does not hesitate to apply it. He would make land common property. 
He reviews all the remedies proposed and finds none save this sufficient. 
No alleviation would follow from a decrease of the expenses of gov- 
ernment, as this would be equivalent to an increased production, of 
which the landholder would take all the gain. Education and habits 
of industry can increase the laborer’s share in production to only a 
very limited extent. Such qualities are like speed in a horse—it is 
only available in so far as it exceeds that of its competitors. Better 
material condition, it is true, is usually associated with the possession 
of such qualities, but the condition is the cause of them and not they 
of the condition. Little, likewise, can be expected of combinations of 
workmen. They can, indeed, increase their wages by such means, and 
not at the expense of each other or of capital as is commonly supposed, 
but at the expense of rent ; but they can do so in so small a degree 
that’ the effect is relatively unimportant. In any contest between 
employers and employed it is not a struggle between labor and capital, 
but between labor and the owners of land, and it must always be an 
unequal one. Such a contest is, moreover, a destructive one—a war 
which, like any other, lessens wealth. And the organization for such 
a war, as for dny other, must be tyrannical. Contests of this sort are, 
therefore, destructive of the very things sought to be gained by them 
—*“ wealth and freedom.” 

The hopes of those who see in codperation the instrument of indus- 
trial regeneration seem to Mr. George doomed to perpetual disappoint- 
ment so long as land remains appropriated. If codperation has any 
power at all, it is one analogous to an improved instrument of produe- 
tion, which can increase the amount produced, but can not augment 
the laborer’s share in this amount. Governmental direction and inter- 
ference can only, in the present state of industry, be mischievous and 
inefficient. 

The remedy most counted on, by those who have seen, in a vague 
way, that there is some connection between industrial distress and land 
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tenure, is the dividing the land up into small holdings. Mr. George 
thinks this both impracticable and undesirable, as well as inefficient. 
Land can not be so divided, and even if it could, it is against those ten- 
dencies that are born of and grow with civilization. Machinery applied 
to agriculture makes cultivation on a large scale more economical than 
on a small one, and such holdings would interfere with the most ad- 
vantageous occupancy of the land. The plan, however, has the cardi- 
nal objection that, unless every member of a community was a holder 
of land of equal productiveness, it would not abolish rent, and would 
therefore have no tendency toward an equitable division of the produce. 
There therefore remains only the plan of giving to every one equal 
rights to the whole land—the plan of making land common property. 
_ Mr. George dismisses the claim of the landowners to compensation. 
If they were paid the market price for the land, industry would not be 
relieved, as the tax would remain in the form of interest on the pur- 
chase-money. Such an arrangement would, of course, prevent the 
further tax upon industry caused by the future increase of rent, but 
still the main burden would remain. Injustice, Mr. George thinks, has 
and can have no vested rights. If it be a wrong to deprive the land- 
owners of their land without compensation, it is a greater wrong to 
take from industry to pay them for a value that industry has alone 
created. It is a conflict of claims, and the lesser claim must be the 
one disregarded. He points out that, tried by the common law, which 
through all the ages has been built up and elaborated by the dominant 
class, the landholders, they would not only get no recompense for their 
land, but none for their improvements ; and, further, that they would 
be called to account for the returns received during the time the land 
was held. Mr. George is, however, satisfied to waive this, and be con- 
tent with the resumption of the land by society. 
In carrying out his project of making land common property, Mr. 
- George would disturb as little as possible existing industrial, social, 
and political organization. He does not think that it is either neces- 
sary or desirable to effect his purpose directly. It can be done better 
and with less shock to accustomed feelings and habits, and with greater 
economy of means, indirectly. His plan is very simple. He would 
place all taxes upon land. He would leave the titles to land in the 
hands of individuals to buy and sell, to let and hold the same as now, 
but while leaving the shell he would take the kernel, by confiscating 
rent. We now take some rent in taxation ; he would take itall. This 
would pay all government expenses, and would increase rapidly enough 
to meet them as they increase, and to perhaps leave a surplus. Such 
an arrangement would result in an enormous simplification of govern- 
ment. It would take no more labor to collect land-taxes then than 
now, while all the cumbrous institutions now in use—custom-houses, 
internal revenue service, etc.—with their vast and demoralizing influ- 
ence on political life and their prodigal waste, would be abolished. 
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Land can not be hid ; its rent at any time is readily ascertainable, so 
that the Government would get a considerably larger percentage of 
taxation than now. 

Mr. George tests his proposition by the accepted canons of taxa- 
tion, and finds that the tax on land is the only tax which can not be 
distributed—which those taxed can not throw off on to others. It is, 
therefore, the only tax which does not bear upon production. This 
also follows from the law of rent, as the relation between the most 
productive and least productive land in use is not altered by such a 
tax, and therefore the share of labor and capital can not be affected 
by it. Under such tenure of land the burden of taxation will be 
raised from production, and, while it still pays rent, though a greatly 
reduced one, this goes to the state, to be used for the benefit of -those 
who have created the fund. 

Under such an arrangement, land would be improved as fast as 
there was a demand for it. No one, as now, could afford to hold land 
unless he proposed to use it. There would be no prospect of parting 
with it at a future time for more than now, while the holder would 
have to pay an increasing rent without any advantage accruing to 
him. This tax, therefore, would have the effect of forcing improve- 
ment instead of acting, as present taxation does, as a fine upon im- 
provement. Nor need any fears be entertained that such a holding of 
land would deter men from improving it because they did not own it. 
Ownership is not necessary, as is shown by the many costly buildings 
in every city built upon leased land. All that is necessary is that 
there be security for the improvement. 

Mr. George holds that, though the proposal to place all taxes on 
land is, at first sight, to increase the burdens of the farmer, it is not in 
reality so. At present he is taxed on all his improvements, houses, 
barns, fences, stock, and crops, while, through the action of the tariff, 
he pays enormous taxes on everything he consumes. Under the ar- 
rangement proposed all these taxes would be removed, and there would 
remain only the tax on the bare land. As speculative land-values 
would be abolished, and large tracts of land now held thrown open to 
improvement, the value of his land would decrease, with the result 
that, in sparsely settled districts, he would have little or no taxes to 
pay. The tendency of this measure would be to distribute population 
more equitably—to take from the overcrowded city and add to the 
thinly settled country. With the continued application of machinery 
to agriculture, farming life would tend to assume the form of the vil- 
lage community, whence the great gain to the farmer in the increased 
advantage of social intercourse. He would lose little or nothing in a 
pecuniary way, and gain much in an improved social life. And so 
with the owners of homesteads, and all land-owners whose interests as 
such do not greatly predominate over their interests as laborers and 
capitalists. ; 
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Of the effect of his remedy upon the material, social, and moral 
welfare of society Mr. George is very hopeful. Under its action he 
sees production bounding forward with giant strides ; the great agen- 
cies, which man has called into being to help him subdue the earth, 
no longer of doubtful good. By the-power of these “slaves of the 
lamp of knowledge” he sees wealth increased on every hand, and dis- 
tributed to each according to his labor. He sees these great forces 
elevating society from its very foundations. Each would have enough 
and to spare. Men would no longer seek vainly for the opportunities 
to labor. Competition would no longer be one-sided. “Into the labor 
market would have entered the greatest of all competitors for the em- 
ployment of labor, a competitor whose demand can not be satisfied 
until want is satisfied—the demand of labor itself.” All raised above 
want and the fear of want, human life would expand in new direc- 
tions and under the impulse of new ideals. The worship of wealth is 
but the expression of the fear of want. All men struggle to place 
_ themselves above want and the possibility of it. What men struggle 
for they admire, and to win the admiration and approbation of their 
fellows, if not the strongest, is at least one of the strongest, passions 
of human nature. With the passing away of this fear of want, how- 
ever, will come a declining admiration of wealth, self-seeking diminish, 
seeking the good of others increase. And there need be no fear that, 
with declining need to devote his powers to getting subsistence, man 
will stagnate. “Man is the unsatisfied animal.” For him are all the 
powers of the heavens and the earth. Beyond material needs there 
are spiritual needs. : 

That love of knowledge which has given us our sciences, of the 
beautiful which has given us our art and literature, will in the future 
as in the past appeal to and excite our highest powers. Whatever 
may have been the need of the stimulus given by the fear of want, it 
no longer exists. Humanity now needs but to be assured of the fruits 
of its labor to go upon the heights. It needs but this to realize the 
dream born of material progress—to make for itself the golden age : 

“Youth no longer stunted and starved ; age no longer harried by 
avarice ; the child at play with the tiger ; the man with the muck-rake 
drinking in the glory of the stars! Foul things fled, fierce things 
tame, discord turned to harmony! For how could there be greed 
where all had enough? How could the vice, the crime, the ignorance, 
the brutality, that spring from poverty and the fear of poverty, exist 
where poverty had vanished? Who should crouch where all were 
freemen ; who oppress where all were peers ?” 

Such the promise Mr. George holds out to society if it but con- 
sent to “render unto Cesar the things that are Cesar’s”—to give to 
labor and capital their reward. If it consent’ not, he raises his voice 
to warn it that it must crush the worm that is gnawing at its vitals, if 
it be not destroyed. If labor get not its reward, the gulf between the 
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rich and poor must widen as material progress goes on; the mass of 
ignorance, of brutality, of recklessness, the number of those who are 
in our civilization but not of it, must increase and threaten its ex- 
istence. The barbarians who will destroy our civilization come not 
from without but from within. “In the shadow of college and library 
and museum are gathering the more hideous Huns and fiercer Vandals 
of whom Macaulay prophesied.” 

Mr. George closes his book with a theory of progress in which 
heredity counts but little, and conditions much ; whose law is associa- 
tion in equality. Men advance as they come in closer contact, and as 
the conditions of each are more nearly equal ; and fail to do so or de- 
cline as these requirements are not met, Civilizations rise and fall, 
stop or turn back, or are transformed in obedience to this law. 

I am not here concerned with criticising Mr. George’s work, with 
pointing out the extravagance of his expectations; the fact that human 
nature is not nearly as easily modified as he assumes; that poverty is 
but one of the factors in the production of vice, misery, and crime ; 
that far-reaching biological and psychological laws are not so readily 
set aside as he seems to think. These things do not affect the essen- 
tial doctrine of his book—that, by the law of rent, rent must have a 
determining influence in the distribution of wealth. My purpose is 
served if I have succeeded in drawing attention to what seems to me 
one of the most important contributions yet made to economic litera- 
ture. 


WHAT IS JUPITER DOING? 


By HENRY J. SLACK. 


bape question, so often suggested by changes in the aspect of the 
planet Jupiter, “ What is he doing?” is again forcibly put by 
the appearance of a remarkable spot of enormous dimensions, and of a 
reddish or orange-brown tint, which has occupied the attention of ob- 
servers for several months, and which seems to be identified, so far as 
relates to position and form, though not in color, with what has been 
seen on former occasions. 

Probably no celestial bodies reach a permanent condition : con- 
stant change seems a law of nature ; but there may be great variations 
in the rates at which changes occur. If we assume as probable a modi- 
fication of the nebular theory, suns and their attendant planets are 
formed by the condensation of matter in an extreme state of tenuity, 
and the mass of suns and planets may receive frequent additions in 
the shape of any smaller or less heavy bodies they are able to attract. 
Our sun is probably a great devourer of meteors ; and, as our earth 
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crosses the orbits of certain meteoric swarms, we have showers of 
shooting stars, fortunately so small that their bombardment is unno- 
ticed. 
























Scarcely anything is known, or plausibly guessed, concerning the 4 
condition and properties of nebulous matter. If, for example, the os 








Fie. 1.—Spors oN JUPITER OBSERVED AND DRAWN BY Mr. E. L. Trovve.or.—Observation of 
September 25, 1878, with the shadow of a satellite. 


spectrum of a nebula indicates hydrogen, we may be pretty sure it is 
not in the state of the gas as it is known in our laboratories. The 
recent discoveries of Crookes concerning the properties of matter a 
million times more attenuated than common air lead to the hope that 
fresh light may be thrown upon many astronomical questions ; but in 
the mean time it is impossible to form more than a vague idea of the 
condition of any star or planet that does not in its main features re- 
‘semble our earth ; and this can be said only of Mars, on whose globe 
we can discover what is probably land and what is water, and see 
white masses, which it is reasonable to believe are snow, form and 
melt away as the planet’s winter and summer affect them in turns. 
Our earth has long been in a state of slow, as distinguished from 
that of rapid, change. The geologist finds the oldest rocks he can 
discover affording indications that they were formed when the circum- 
stances of the globe were sufficiently like what they are now for fair 
comparison. The earth’s surface may have been warmer, its atmos- 'y 
phere more moist, and it may have contained more carbonic acid than 
we now find ; storms may have been more frequent and more violent, 
but the assemblage of differences between what now is and what was 
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at the time of any formation the geologists can reach would not no- 
ticeably approach the enormous difference that separates the condition 
of our earth from that of either Jupiter or Saturn. It is possible that 
they now represent stages which our earth passed through in remote 
times, and they may be undergoing changes that are approximating 





Fie. 2—Spors ON JUPITER OBSERVED AND wn sy Mr. E. L. Trovvetor.—Observation of 
December 23, 1878, with the abadow of the third satellite. 


them to our present condition. It is, however, probable that, while 
there are analogies and resemblances in the life-histories of all the 
heavenly bodies, there are also individual peculiarities and diversities 
not less important or less striking. 

Jupiter’s diameter is about eleven times that of our earth, and his 
mean density is about a quarter that of the earth, or about a third 
more than water. Now, a bulky body may be composed of heavy 
materials, and still, as a whole, be light, like an iron ship or a lump of 
pumice-stone, that will float in water. The pumice-lump is light on 
account of its vesicular formation, so that the mass consists of heavy 
feldspathic material and the air it‘tontains. Extract the air, and the 
pumice loses its floating power, though still far from heavy in propor- 
tion to its bulk. Most of the earth’s crust is formed of solids much 
heavier than water. Granites are more than two and a ‘half times 
heavier than water, slaty rocks much about the same, and so are ordi- 
nary limestones, the variations of all being from about 2°5 to 29. The 
ironstone group contains denser minerals ; red hematite has a specific 
gravity of 45; magnetic ironstone, 4°5 to 5°2, ete. ; and ne ee 


ores are heavy. 
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At some remote period, when only part of the now solid earth had 
been condensed from gaseous and vapory matter, our planet might 
have had a mean density like that of Jupiter, as its rocky materials 
contain between forty and fifty per cent. of oxygen ; and while con- 
densations and chemical combinations were going on rapidly our globe 
must have been the scene of 


“Thunders, lightnings, and prodigious storms.” 


And it is probable that certain stars which have suddenly blazed forth 
with passing splendor have exhibited to us the spectacle of conflagra- 
tions extending over millions and billions of square miles. Color- 
changes in Jupiter—such as those noticed by Mr. Browning and the 
writer in 1869-"70—may have been caused by soda-flames, though not 


fierce enough or extensive enough to add materially to bis ordinary 


luminosity, which is estimated as always exceeding, though not in a 
very high degree, what it would be by mere reflection of light received 
from the sun. <A drawing after Mr. Browning was published in the 
fifth volume of the “Student and Intellectual Observer,” showing a 
broad, full, yellow equatorial belt ; also broad belts of purplish brown 
edged with narrower yellow bands above and below it, and curious 
white patches in the upper dark belt. The polar belts were purplish 
and olive. The appearance and disappearance of these remarkable 
belts indicated great physical changes, and it is to be regretted that 
spectroscopes could not afford so much information as was hoped for. 
The planet, though appearing much brighter than any star, gives, ac- 
cording to Mr. Browning, a spectrum fainter than that of a star of the 
second magnitude. It is the size of the planet and his nearness, as 
compared with the distance of any fixed star, that make him such a 
brilliant object. The size of a luminous body greatly affects our esti- 
mation of the intensity of its light. Mr. Huggins, at the time men- 
tioned, discovered some dark lines in the Jovian spectrum not belong- 
ing to the solar spectrum, and probably resulting from the absorptive 
action of the planet’s atmosphere. *He also pointed out that the re- 
markable yellow color had been seen some years before. Quite recently 
Mr. Huggins has been employing his large reflector to take photo- 
graphic spectra of the planet, and he informs the writer that “from G 
to O in the.outer violet there is no sensible modification, either in ad- 
dition or absence of lines, of the sdlar spectrum.” This is curious, as 
Jupiter has exhibited a good deal of primrose tint, with orange-brown 
belts and a big orange-brown spot. 

A telescopic view of Jupiter usually exhibits some dark belts, 
occupying a zone of considerable breadth, on either side of the plan- 
et’s equator, with less conspicuous markings nearer the polar regions. 
It is also common to find various-shaped patches brighter than the 
rest. Sometimes the general pattern formed by these markings lasts 
for months with little visible alteration. At other times a few min- 













g 


















WHAT IS JUPITER DOING? 


utes are sufficient for changes of enormous magnitude. The first 
question that arises is, What do the dark bands or spots mean? Are 
they portions of the solid body of the planet, which have some fixity 
of shape, in any degree analogous to that of our mountain-chains or 
great continents? Or are they cloudy matter of less light-reflecting 
power than the bright and dense atmosphere by which the planet ap- 
pears to be surrounded? Or are they merely more transparent parts 
of that atmosphere, through which no lower objects happen to reflect 
light enough to be visible? If the bright parts of the Jovian disk 
are light-reflecting clouds, and the dark belts the body of the planet, 
we should suppose it would be common to see a notched appearance 
of the edges ; but this is not so. “Ordinarily,” as Captain Noble 
says, “the belts fade perceptibly as they approach the actual edge of 
the disk ; but,” he adds, “I Aave seen the belts right up to it.” The 
softening of the belts, as the planet’s rotation brings them to the 
edges of the disk, probably arises from the dark parts being consid- 
erably below the boundary of the Jovian atmosphere, and-thus seen _ 
through a greater thickness of it when near the edges. When the 
dark belts touch the edge without noticeable softening they must be 
higher up, and less likely to be any part of the solid body, if Jupiter 
has anything that can be so called. The great spot of this season has 
never been seen close to the edge. A very moderate magnification is 
sufficient to show that as the planet rotates it comes into view de- 
cidedly at some distance from the luminous margin, and disappears at 
a similar distance from the opposite margin. 

Telescopes, under the most favorable conditions, and of the great- 
est power, only reveal very large features of the planet. It is impos- 
sible to see anything like details of structure, and this makes the iden- 
tification of objects seen at different times more or less uncertain. If 
we had glimpses of great mountain-chains in Jupiter, it would be 
something like seeing the Andes or the Himalayas all in a lump, from 
some skyey perch, so far off as to prevent the separate peaks and val- 
leys from being noticed. Jupiter is about five and one fifth times as 
far from the sun as we are—our mean distance, according to the last 
reckoning, being 92,620,000 miles. With the moon only 240,000 miles 
off, and very frequently bearing a much higher magnification than can 
be applied without confusion to Jupiter, telescopes bring no object 
near. A magnification of 1,000 linear—only usable under very favor- 
able circumstances—makes lunar objects as big, but not as distinct, as 
a naked-eye vision of them would do if it could approach within 240 
miles. With the enormously greater distance of Jupiter it must be 
evident how impossible it is for anything but huge masses to be seen. 

Jupiter’s atmosphere is much larger in proportion to any solid mat- 
ter he may contain than that of our earth to its solid matter. It is 
also much denser, and from its greater distance only gets about one 
twenty-fifth as much solar influence as reaches us. For those and 
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other reasons it is not unlikely that some of his cloud formations may 
be more lasting than ours. That his gaseous envelope is, however, at 
times subject to violent disturbances arising from a prodigious exer- 
tion of internal forces is proved by instances of sudden changes in 
the diameter of the disk. The Rev. T. W. Webb, in his “ Celestial 
Objects,” mentions as “inexplicable” an observation of Smyth, con- 
firmed by similar observations of Maclear and Pearson, all being at 
different places, namely, that on June 26, 1828, Jupiter’s second satel- 
lite, after fairly entering upon the disk, in the course of its revolution, 
was subsequently seen for four minutes outside it, and then suddenly 
vanished. More recently Secchi noticed a similar phenomenon ; and 
the explanation can only be that Jupiter’s atmosphere was suddenly 
blown out for some thousands of miles and retreated again.: Secchi 
states that on April 2, 1874, he watched the first satellite as it was 
about to cross the planet’s disk, which appeared “finely undulated.” 
“When the satellite approached within its own diameter of the margin 
of the planet the latter sprang toward it, appeared to touch it, and im- 
mediately retired. This happened, backward and forward, until the 
satellite had plainly entered upon the planet ; that is to say, for four 
or five minutes.* . . .:The satellite appeared fixed, and all the move- 
ment seemed to belong to the disk of the planet.” 

In October, 1879, Mr. Kidd, of Bramley, Guildford, saw, as is de- 
scribed in the “Observatory” for November, the second satellite first 
touch the disk, then appear separated from it, and finally pass behind 
it, but remain for some time visible through it. ‘The “Observatory ” 
for November also quotes the “Chicago Tribune,” to the effect that 
‘observations at the Dearborn Observatory indicate that changes in the 
‘outline of the planet take place from day to day. Two sets of mea- 
sures at the interval of a week are stated to have shown a difference 
in the direction of the major axis amounting to 5°. 

When extensive belts or bright portions change rapidly, the storm- 
effects must be immensely greater than in any of our hurricanes. 
Jupiter’s motion at the equator is at the rate of about 28,000 miles an 
hour ; his daily rotation is completed in a few seconds less than ten 
hours ; and objects in Jupiter weigh about two and a half times as 
much as on our earth. When our winds move with a hurricane-speed 
of 85 miles an hour, they exert a pressure upon whatever they strike 
equal to 36 pounds per square foot. What, then, must be the force of 
a Jovian storm, moving much heavier matter than our air, at the rate 
of 300 miles an hour, as was observed on one occasion by Herschels ? 

On another occasion South saw a spot 22,000 miles long, and before 
a friend who was present could commence a sketch it had nearly all 
changed. There may in such cases be violent chemical action, a ter- 
rific clashing together of atoms, and the precipitation of solid oxides 
of metals, like the fumes produced by the burning of magnesium: wire. 
* “Comptes Rendus,” 1974, vol. Ixxvili., p. 1468. ~ 
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In considering the persistence of spots or markings, it seems that 
the dark ones are more lasting than the light. A dark spot noticed by 
Cassini in 1665 was visible up to 1713, though obscured at intervals— 
at one time for eight years. 

Some interesting white spots were noticed in 1878 by Niesten, of 
the Brussels Observatory, to change from a circular to an elongated 
form as they appeared in the center or nearer the sides of the disk. 
This would indicate something like a columnar form, looking round 
when seen vertically, and elongated when seen aslant. 

Lately, as already mentioned, a very fine dark spot has been seen 
upon the south equatorial belt. It was found by Niesten to be 13” 
long, and 3’ wide, the polar diameter of the planet being 48’. When 
Captain Noble saw this spot, on August 22, 1879, he made a memoran- 
dum that “the remarkable spot sketched on November 19, 1858 (nearly 
twenty-one years ago), reappears—or one very similar indeed to it 
does—to-night.” 

M. Niesten kindly sent to the writer—who published a translation 
of it in the “ Astronomical Register” for November—a list of observa- 
tions of red spots more or less identical in aspect with this one, and 
probably of the same,formation. It is not to be expected that in the 
_ revolutionary state of things existing in Jupiter there would be the 
same persistence of form that belongs to our islands and continents ; 
and it is quite possible that there may be huge islands of vesicular 
formation, far bigger than all Australia, floating in viscous seas ; 80 
that if the figure of a spot remains the same, or spots seen at different 
times bear a strong resemblance to each other, they might be identical, 
even though there had been some change of place. Mathematicians 
tell us that the flattening at the poles noticeable in Jupiter and Saturn, 
and caused by their rapid rotation, would be greater than measure- 
ment shows, if such light bodies were homogeneous. There must, 
therefore, be some portions much denser than others, and these planets 
most probably contain matter in all intermediate stages, from the 
attenuated gaseous, through the viscid, to the solid. It must often 
happen, as Chacornac considered traceable in the sun, that condensa- 
tion produces a great down-rush, and substances that have been solidi- 
fied falling into hotter regions get melted up or vaporized again, 

The great red’ spot lies like a continent some 24,000 miles long; 
surrounded by a rather narrow sea of light, and over it Niesten no- 
ticed two brilliant little spots which he appropriately named “ pearls.” 
There is a general concurrence of opinion that the big spot grew rud- 
dier than when it first appeared, or rather richer in color; its “ redness” 
has been chiefiy caused by the want of achromatism in the telescopes 
employed... Glass mirrors silvered—which represent colors most ecor- 
rectly—show the tints to be orange-brown. The bright parts, as 
seen by the writer with a With-Browning silvered mirror and a fine 
prism, closely resembled the color of autumn beech-leaves in full sun- 
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light. Some Merz telescopes add, from their defects, a purple tint ; 
and an instrument of another maker gives the spot the color known 
as Venetian red. Dr. Pigott, who has a With-Browning silvered 
mirror instrument, and a fine refractor by Wray, finds the latter so 
unusually well corrected that its performance coincides closely with 
that of the former. Color-changes, both as regards time and inten- 
sity, may be caused by the greater or less translucency and refracting 
powers of the atmosphere through which any object is ‘seen ; but they 
may also very frequently arise from the greater or less heat and 
luminosity of solid or viscid matter below the cloudy strata, and 
from important modifications of chemical action. Between September 
3d, at from 10.45 to 10.55 Pp. u., and October 4th, 10.40 rp. u., Captain 
Noble’s drawings, made at Maresfield, show a great change in the 
aspect of the planet, affecting the brightness and the tint of enormous 
spaces. Parts above the great spot which were brilliant on the former 
occasion had become cloudy, and, southeast of the spot, there came a 
round white spot, with very dark surroundings. These changes must 
have affected many millions of square miles. 

On October 16th, at 10.5 pr. u., he noticed the color of the red spot 
“more marked than ever.” There were also extensive changes in the 
belts, and the polar regions were more cloudy. He made the follow- 
ing entry in his note-book : “It is a most noticeable feature ; the red 
spot reposes like an island in the middle of a light space on the plan- 
et’s disk, and the belts, north and south of it, seem in a great measure 
‘to conform to its curved outline. This would indicate a disturbance 
-of a stupendous character, from the amount of the area involved.” 

On the whole, during the season for observation of 1879-80 Jupi- 
‘ter has been more than usually interesting. From pole to pole changes 
of great magnitude have been produced with prodigality of violence 
rather than with economy of time. Perhaps the mighty planet is still 
‘in the stage of youth, with blazing and explosive energies that a few 
hundred thousands of years may be required to tame down to the so- 
berness of our comparatively quiescent earth.— Belgravia. 


[Norre.—The red spot spoken of above was watched by an astrono- 
mer in this country, Mr. E. Leopold Trouvelot, of the observatory at 
Cambridge, during a part of 1878. He has published an account of his 
observations in “The Observatory,” and has furnished to ““La Nature” 
two views of the spot as seen at times three months apart, which we 
reproduce. In his published description, Mr. Trouvelot says that in 
looking at Jupiter on September 25, 1878, at six hours and fifty min- 
utes, he noticed a remarkable red spot a little above the southern bor- 
der of the equatorial belt, with its center situated a little to the east 
of the central meridian. It occupied apparently about one fifth of the 
diameter of the planet, and was quite distinct, its intense rose-color 
forming a striking contrast with the luminous white ground on which 
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it was projected. It was of the same shade, uniform from one end to 
the other, without any obscure border. It appeared isolated and en- 
tirely independent of the equatorial belt, from which it was separated 
by a brilliant white band. In shade, its color was quite different from 
the pale rose-color of the equatorial belt, and from every other object 
which the observer had ever seen on Jupiter, and might be described 
as a blending of vermilion and blue. Fig. 1 is a copy of the original 
sketch made immediately after the observation, a a indicating the 
red spot. After this observation, the return of the spot was noticed, 
and it was drawn fifteen times. It was last seen on December 30, 
1878, after which further observations were prevented by the proxim- 
ity of the sun. The form of the spot changed somewhat during this 
time: at first, it was long and narrow (Fig. 1, a a) ; finally (Fig. 2, 5), 
it became shorter, considerably wider, and extended farther toward 
the south.—Epzrror. | 
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THE SCIENTIFIC ASPECT OF “FREE-WILL.” 
Br ALBERT J. LEFFINGWELL, M. D. 


a the time when, as Milton tells us, the lost angels 


“. ... Reasoned high 
Of providence, foreknowledge, will and fate— 
Fixed fate, free-will, foreknowledge absolute "— 


no problem has excited greater interest in the human mind than the 
question of free-will. Philosophy, whether pagan or Christian, athe- 
istic, Catholic, or Protestant, has alike found in its consideration an 
irresistible attraction ; and, if the world remains to-day of divided 
opinions, it is not for lack of abundant argument. Seneca taught 
that “the same necessity binds both gods and men ; divine as well as 
human affairs proceed onward in an irresistible stream”; while Pope 
thought he had solved the problem by imagining a Deity 


“ Who, binding Nature fast in fate, 
Left free the human will ”— 


a flattering conclusion which the world finds it easy to accept. Theol- 
ogy, fearful, on the one hand, of rendering Deity the cause of evil, and, 
on the other, of limiting his due share in the government of the uni- 
verse, usually teaches that necessity and free-will are alike true, 
though not to be reconciled; a conclusion which would render all 
reasoning on the subject inconsequential if not absurd. Some have 
thought to retain their favorite theory by so defining it that no differ- 
ence of opinion can exist; as Dr. Haven, for instance, who, in his 
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text-book on “Mental Philosophy,” postulates that “freedom of will 
is power to do as J like,” and that “the will is free when I can will 
to do just what I please” —seemingly unconscious that the whole ques- 
tion is why “I like” or why “I please.” Others make both free-will 
and necessity utterly unfathomable mysteries, and then choose between 
them. Sir William Hamilton, while admitting that freedom of the 
will is “ wholly incomprehensible”; that we “can not conceive a free 
volition”; that we are “utterly unable speculatively to understand 
how moral liberty is possible to man or God ”—insists, nevertheless, 
that the doctrine of necessity is equally unthinkable, because we can 
not conceive an infinite regression of causes to all eternity ; and then 
finds in “our consciousness of an uncompromising law of duty” a 
decisive proof of frec-will. This is certainly to claim for conscious- 
ness of duty, as a witness, a superior function to that which it fills as 
an agent; for if it has proved again and again an unreliable guide 
to conduct—leading Calvin to burn Servetus, the Inquisition to tor- 
ture heretics, and the Puritans to hang witches and Quakers—it is not 
easy to see why so imperfect a guide to action should be of such 
supreme value as a testimony to freedom of action. Nor is it clear 
how a Christian philosopher should have found in our consciousness of 
the moral law an evidence for a “ wholly incomprehensible” theory, 
superior in force to that which the theistic hypothesis supplies to the 
doctrine of universal causation. 

As it stands to-day, the question is very nearly one between science 
and theology. On the one hand, science asserts that to the law of 
causation there are no known exceptions ; that mind as well as matter 
is subject to law. Theology, on the contrary, clings to the freedom 
of volition as the apparent foundation of morality ; and insists that 
each man is a new cause—a new, unconditioned, responsible factor in 
the conduct of the universe; and this is the view most generally 
accepted by the world. The reason is not far to seek: it lies in the 
teaching of theology regarding man’s future state. We instinctively 
feel that, if upon the nature of our actions depends the awful fate of 
unending happiness or misery in another existence, justice to the 
creature demands that his liberty be undetermined in any way by the 
Creator. Now, theology for the past eighteen centuries has taught, 
as it yet teaches, this doctrine of eternal punishment. While at the 
present day it is rarely pushed forward into the old-time prominence, 
it stands in the creed of every orthodox church ; it is yet an essential 
element of Christian faith. Let us look at it for a moment as pre- 
sented by a theologian, the greatest that America ever produced, the 
Rev. Jonathan Edwards. The extracts quoted are from the edition of 
his sermons published in 1879 : 

You have often seen a spider when thrown into the midst of a fierce fire; 


and have observed how immediately it yields to the force of the flames, and the 
fire takes possession of it, and at once it becomes full of fire, and is burned into 
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a bright coal. Here is a little image of what you will be in hell, except you 
repent and fly to Christ.—Szrmon X. 


Do but consider what it is to suffer extreme torment for ever and ever; to 
suffer it night and day, from one day to another, from one year to another, from 


one age to another; in pain, in wailing and lamenting, groaning and shrieking 


‘and gnashing your teeth; with your bodies and every member full of racking 


torture; without any possibility of getting ease; without any possibility of 
moving God to pity by your cries (sic). How disinal will it be under these 
racking torments to know that you never, never shall be delivered from them; 
to have no hope; when after you have worn out the age of the sun, moon, and © 
stars, without any rest day or night, or one minute’s ease, yet you shall have no 
hope of ever being delivered; you shall know you are not one whit nearer the 
end of your torments; but the same groans, the same shrieks, the same doleful 
cries are incessantly to be made by you, and the smoke of your torment shall 
ascend up for ever and ever; your bodies, which have been burning and roasting 
all the while in glowing furnaces, yet shall not have been consumed, but will 
remain to roast through an eternity yet.—Sermon XI. 

I shall mention several good and important ends which will be obtained by 
the eternal punishment of the wicked ... . 

III. The saints will be made more sensible how great their salvation is. When 
they shall see how great the misery is from which God has saved them, and how 
great the difference he hath made between their state and the state of others 
who were by nature, and perhaps by practice, no more sinful and ill-deserving 
than they, it will give them a sense of the wonderfulness of God’s grace. . . . 
The view of the misery of the damned will double the ardor of the love and 
gratitude of the saints in heaven. 

IV. The sight of hell-torments will excite the happiness of the saints for 
ever; it will make them more sensible of their own happiness; it will give them 
amore lively relish of it! Oh, it will make them sensible how happy they are !— 
Sermon XI. 

When they shall see how miserable others of their fellow creatures are— 
when they shall see the smoke of their torment and the raging flames of their 
burning, and shall hear their shrieks and cries, and consider that they in the 
mean time are in the most blissful state, and shall surely be in it to all eternity, 
how they will rejoice! . . . How joyfully they will sing to God and the Lamb 
when they behold this!—Szrmown XIII. 


So long as this remains the orthodox view of the fate reserved for 


@ majority of the human race, so long as to doubt the reality’ of 


such a Deity is to incur the suspicion of atheism, it will be difficult 
for men to yield the intellectual figment of “ free-will” for the logic 
of necessity. True, the doctrine of predestination, which teaches that 
“by the decree of God, and for the manifestation of his glory, some 
men and angels are predestined unto everlasting life, and others fore- 
ordained to everlasting death,” still stands in many a creed ; but most 
men do not suspect its existence ; it is rarely if ever preached at the 
present day. Otherwise unable to reconcile eternal torture with an 
ideal of divine justice, probably the faith of ninety-nine out of every 
hundred persons is that each human being possesses a perfect liberty 
of choice, and undetermined volition. 
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The view of science upon this question is widely different. Of 
eternal fires, which serve at once to torture the skeptic and heighten 
the felicity of the saint, it knows nothing ; the belief in them belongs 
rather to those cherished mysteries of faith which lie far beyond its 
scope. In that functional activity we call mind, it recognizes no power 
to originate uncaused volition. The universe is subject to law. No- 
thing ever happens or comes to pass without a cause. The cause 
determines the event, so that it could not be otherwise. What deter- 
_ mines volition? Motives. The will is always determined by the 
strongest motive. 


Given the motives which are present to an individual’s mind, and given like- 
wise the character and disposition of the individual, his actions might unerringly 
be inferred.—Joun Sruart Mit. 

The conjunction between motives and voluntary actions is as regular and 
uniform as that between the cause and effect in any part of Nature.—Hume. 

The only meaning of the law of causation in the physical world is, that it 
generalizes universal experience of the order of that world; and, if experience 
shows a similar order to obtain among states of consciousness, the law of causa- 
tion will properly express that order. That such an order existe is acknowledged 
by every sane man.—Hux ey. 


It is claimed, however, that consciousness asserts itself with decisive 
force in favor of free-will. Is this true? “I dispute altogether,” 
says Mill, “that we are conscious of being able to act in opposition to 
the strongest desire or aversion.” But this is a point which we are 
‘all able to investigate for ourselves. Indeed, the peculiar advantage 
of metaphysical study is the opportunity universally possessed of test- 
ing theory by observation, in watching the operations of our own 
minds. I propose, therefore, to go directly upon the ground assumed 
as their own by the advocates of free-will, and rest the proof of causa- 
tion upon the uniform testimony of consciousness. It seems to me 
that the evidence in favor of the scientific view is so cumulative and 
convincing that a reasonable being, capable of comprehending the 
problem, and unbiased by dogma, could, after its consideration, more 
easily assert his intangibility than his liberty of volition. 

“If we define the will as that “by which the mind chooses any- 
thing,” and an act of the will as an act of choosing or choice between 
two or more courses of conduct, or between action and inaction, it is 
evident that by far the greater portion of our acts occur without con- 
scious exercise of this faculty. Walking along a muddy street, engaged 
in deep thought or earnest conversation with a friend, one picks his 
way, but consciously does not determine where at each step his foot is 
to be placed. We laugh when amused ; weep from sympathy or 
gtief ; cry from pain ; become agitated, irritable, excited, or angry, if 
sufficiently vexed, without: previous choice whether or not we shall 
yield to these emotions. We speak of ourselves as acting “from the 
impulse of the moment,” from habit, or “as we always do under ‘such 
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circumstances.” Let any one, for instance, review in his mind the 
events of yesterday, from the first moment of awakened consciousness 
until he sank into slumber at night, and remember, if he can, before how 
many of the ten thousand actions which constituted his daily life he 
paused to choose. Awakened in the morning, he arose, doubtless, at 
his usual hour—performed ablution, assumed his garments, one by 
one, in a certain methodical order, and descended to breakfast. He 
read portions of his newspaper ; commented on events or politics ; the 
coffee was burned and the steak tough, and he was irritable and mo- 
rose ; or both were excellent, and he was amiable and talkative. He 
walked to his place of business by the route he always takes ; crossing 
the streets where he had crossed a thousand times previously ; arriving 
at the usual hour, notwithstanding he might have made—had the mo- 
tives existed—innumerable variations from his regular course in each 
of these proceedings. Now, up to this point, he has probably per- 
formed several thousand distinct muscular efforts, each under the con- 
trol of his will—from the glance of an eye to the propulsion of his 
body along the street. How many of them can he remember, or does 
he suppose to have resulted from conscious choice between action as 
performed and another imaginable possible alternative ? Probably he 
could count on his fingers all the acts of conscious choice performed 
during the entire day. The rest have been as instinctive and impul- 
sive, as unconsciously determined by circumstances, as the operations 
of ordinary animal existence. 

Turning now to the consideration of those acts which are preceded 
by that conscious weighing of motives which constitutes true volition, 
we shall find these no less determined by law. Appealing confidently 
to the consciousness of every reader, I submit that we not only inva- 
riably choose, but we CAN ONLY CHOOSE, that object or course of action 
which at the instant, the will is exercised to choose, appears to us, all 
things considered, the most desirable. 

This can hardly be doubted. For the very act of conscious choice 
implies of necessity (except in those imaginary cases of absolute) in- 
‘difference wherein morality can not be concerned) a preference, even 
if it be only momentary. Mind, I do not say the thing chosen is really 
desirable ; perhaps the only courses open are all very undesirable, ter- 
rible, full of painful consequences, and the confused mind may pass 
from one to another with a hesitating tremulousness of indecision— 
obliged, however, ultimately to make a choice. Put yourself to any 
fair test, and see if you can possibly choose that which you prefer least 
to choose, Pain is exceedingly undesirable, is it not? Take a needle 
and place the point against your bared arm ; now choose whether or 
not you shall force it to enter your flesh. “But it will hurt me,” you 
say, and you throw down the needle, proceeding no further. Do you 
so decide without cause? Or perhaps you push the point beneath the 
skin, and inflict upon yourself pain, without apparent adequate motive. 
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Yet is it not evident that the mere desire to make the experiment 
made even the pain momentarily desirable? But, omitting the petty 
experiences of our every-day life, let us test the proposition by refer- 
ence to the highest occasions of choice possible to man. Life is sweet, 
and yet how poor would be the records of heroism did they not tell 
us of men who, for the sake of great and noble ends, preferred death ! 
You can not imagine them as choosing it if they did not regard it as 
the more desirable. We have all seen the picture of the Huguenot 
lovers, on the eve of St. Bartholomew, and the choice of death which 
one made even in the arms of her he loved. How many martyrs in 
silent dungeons have been offered life, liberty, home, and the loving 
companionship of wife and children, the possibility of long years of 
happiness and usefulness, at the price of apostasy to their convic- 
tions ; who chose rather an ignominious death at the stake, prolonged 
tortures, confiscation of property, beggary of children, execration of 
friends, a dishonored and forgotten name—and whose faces shone with 
happiness as the flames kindled around them! But men have chosen 
more than this—not only to die, but to live a life of torture first. His- 
tory does not record for us instances of greater self-abnegation, of 
more intense eagerness to suffer and to die for others, than those of 
the Jesuit missionaries who labored among the Indians of this country 
two centuries ago. One of them, writing from the Iroquois country 
in 1644, said: “ This letter is soiled and ill-written, because the writer 
has only one finger of his right hand left entire, and can not prevent 
the blood oozing from his wounds, still open, from staining the paper.” 
He had suffered protracted tortures in every form consistent with the 
preservation of life: given to children to torment ; burned with live 
coals, forced to walk on hot cinders, hung by the feet, lacerated by 
savage dogs ; a finger-nail burned off one day, and the joint burned 
off the next—a fiendish economy of torture—and finally ransomed by 
the Dutch, only to save him from the stake ; yet, as soon as his health 
was partially restored, he chose to embark again for the wilderness 
and its awful possibilities. Turn the yellow pages of the missionary 
“ Relations” and you come upon sentiments like these, expressed in the 
antiquated orthography of the time: “ Nous mourrons, nous serons 
pris, nous serons bruslez, nous serons massacrez—passe. Je ne voy 
icy personne baisser la téte ; au contraire—on demande de monter aux 
Hurons ; et quelques uns protestent que les feux des Hiroquois sont 
Pun de leur motifs pour entreprendre un voyage si dangereux!” Of 
others, their biographer says : “They had borne all that the human 
frame seems capable of bearing. They had escaped as by miracle 
from torture and death. Did their zeal flag or their courage fail? A 
fervor, intense and unquenchable, urged them on to more distant and 
more deadly ventures. They burned to do, to suffer, to die ; and now 
from out a living martyrdom they turned their heroic gaze toward a 
horizon dark with perils yet more appalling, and saw in hope the day 
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when they might bear the cross into the blood-stained dens of the Iro- 
quois.” In the tortured captives they had baptized even amid the 
flames, they saw their own fate, but it caused not a moment’s hesita- 
tion. These all chose what to them semed most desirable ; for, beyond 
torture and death; they seemed to see the martyr’s crown, the eternal 
reward. Not less on these supreme occasions than in the most ordi- 
nary affairs of daily life, choice is determined by the apparent desira- 
bleness of things. 

But, if this be granted, it immediately becomes evident that one’s 
views of what is desirable arise from an infinite variety of coincident 
circumstances with which the individual concerned had no more to do 
than with the shape of his skull or the color of his skin. That no 
two persons have exactly the same preferences or tastes, or would 
choose alike on every occasion, is a truism. Their ideas of what is 
desirable may have resulted from congenital or inherited constitutional 
tendencies. A drunkard’s children are often endowed with a craving 
for stimulants, that sooner or later brings them to drunkards’ graves. 
One man possesses fierce and strong animal propensities ; another is 
never tempted by vicious allurements. The social condition of men 
has a great influence in this respect. I do not suppose the Prince 
of Wales ever perceived the desirableness of snatching a loaf from 
a baker’s cart ; but many a starving London tramp has felt it. Hun- 
ger and poverty meet a thousand temptations that never assail full 
stomachs and well-clothed bodies. Victor Hugo says that English 
statistics prove four robberies out of five to have hunger for their im- 
mediate cause. Or the state of the health may influence men’s views 
of the desirableness of things. Of the effect of impaired vitality in 
vitiating desires, every physician is aware. Many of us, offered a 
glass of wine, could accept it without the remotest danger of -thereby 
becoming drunkards ; ,but others, men like Mr. Gough, tell us that for 
them such indulgence would be the first step toa long debauch. How 
powerful is the influence of habit in this respect ! I enter a tobacco- 
nist’s with no other desire apparent to myself than to do my errand 
and escape as soon as possible ; but a venerable gentleman told me the 
other day that, after breaking off the use of tobacco for thirteen years, 
the chance inspection of some fresh samples renewed with overwhelm- 
ing force the old appetite and refixed the old habit. Or the decision 
may be due to occasion and other surrounding circumstances attend- 
ing the moment of choice. There is a profound significance in the 
petition, “Lead us not into temptation.” Many a woman walks our 
streets wrecked, from the fortuitous conjunction of opportunity, temp- 
tation, and desire, whose virtue would never have yielded to either 
alone. What an immense influence is exerted upon men’s desires by 
their religious belief! The Jesuit among the Hurons could choose a 
daily martyrdom that, now and then, he might touch a dying pa- 
poose with holy water and snatch its little soul from eternal fires ; 
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can we imagine a Universalist clergyman so suffering for such results ? 
How largely also are our notions of right and wrong determined for 
us by early parental training! A landlady of mine, in Leipsic, a pas- 
tor’s daughter, of the most rigid type of Protestant orthodoxy, at- ? 
tended church one Sunday morning, and a representation of “ Faust ” 
at the theatre the same evening ; and saw no incongruity in a course 
which, by a majority of people in this country, would be regarded as 
a fearful sin. Both views of Sunday are merely results of religious 
education at a period when the mind is peculiarly receptive, and 
when no one claims that a child should decide as to the correctness of 
the opinions taught. These are only a few out of the infinite num- 
ber of circumstances, beyond individual control, which decide what 
shall be the views we take of the qualities of things and the desir- 
ableness of action. They mold character ; they shape opinions ; they 
make the man what he is. Since by these facts of organization, edu- 
cation, religious training, social position, etc., independent of our wish 
or will, are determined for us the views we invariably take of the ap- 
parent desirableness of all objects or actions—since upon this apparent 
desirableness the choice of conduct of mankind invariably depends— 
it follows that the human will is as subject to the law of causation as 
the movements of the planets or the flight of an insect in the air. 

It is asserted, however, by the advocates of the popular doctrine, 
that the scientific negation of free-will obliterates what is called 
“moral responsibility,” and places man, as respects his actions, on the 
plane of other animals. A full consideration of this point would lead 
us too far aside from our subject ; yet, were all imagined consequences 
sure to arise from general disbelief in accountability for action, I fail 
to see how this proves the truth of the doctrine of free-will. It can 
never be too often repeated that, regarding each and every theory, dog- 
ma, or proposition, Science can ask but one question, Js it true? The 
a answer must come from other sources than the imagined sequence of 
& i its acceptance or rejection. But let us suppose that mankind should 
S some day admit the proposition that moral responsibility, in the theo- 
logical sense, does not exist ; that the will is determined by the strong- 
est motive : what fearful results would ensue! Would punishment 
cease to follow crime? On the contrary, its use would never be more 
logical. If the stronger motive has led an individual to transgress the 
rights of society, then society must punish for three reasons: 1. That 
the memory of the punishment may act as a strong motive in deterring 
from future repetition of the offense ; 2. That the example may deter 
others ; and, 3. That society may be protected from a dangerous man. 
These reasons are all consistent with the doctrine of necessity ; what ( 
others would the advocates of uncaused volition add? To assert that ‘| 
punishment should only be inflicted where “moral responsibility ” ex- 
ists, is either to confer it upon our domestic animals, or else to deny 
the justice of our every-day action regarding them. A child throws 
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stones at strangers passing by ; a dog barks at their heels; both are 
soundly whipped at each offense, and sooner or later both cease its 
repetition. In both instances punishment was given from the same 
standpoint ; its action on child and dog was alike—equally effectual, 
and I see no reason for the interposition of moral responsibility in the 
one case, if denied in the other. 

I do not believe that the doctrine of necessity, if generally held, 
would lessen in any way our abhorrence of evil, or our approval of the 
good. To assert, as Professor Bascom does in his recent work on 
“Ethics,” as a proof of free-will, that the doctrine of necessity “ does 
not merely strangle virtue—it leaves every thought and action as true 
and as just, one as another,” and that “all our moral action loses its 
character without liberty,” seems to me to make statements unsup- 
ported by any evidence whatever. Would Professor Bascom allow 
that Deity is free to become a fiend? And if not—if to be God he 
must of necessity be good—does he conceive that divine action “loses 
its character without liberty”? Or can he explain why conduct should 
be deprived of the distinctions of good and evil because conditioned, 
any more than physical qualities admitted to be determined indepen- 
dently of the individual’s will? If beauty in the human form is bet- 
ter than ugliness, health than disease, symmetry than distortion, intel- 
ligence than idiocy, why should not modesty, humanity, justice, and 
truth, not only seem, but de better than profligacy, cruelt, iniquity, 
and falsehood? The fact is, goodness is essentially beautiful, and in 
the slow progress of mankind upward, from savagery to the ultimate 
civilization yet to be, can not fail to command admiration. Evil is 
hateful, independently of its relations to ethics, and its awful realm 
extends far beyond the area of human action. In the spider springing 
upon the entangled fly, the cat playing with its victim before tearing 
it to pieces, in the teeth of the shark, the fangs of the rattlesnake, the 
poisonous slayer of the rabid dog; in the deposition of tubercle, the 
slow growth of cancer, the ravages of syphilis upon innocent child- 
hood, we get glimpses of the great mystery of Evil, separate from hu- 
man will, where we pity but never condemn. And if, perchance, some 
day the world should learn to discriminate in the sphere of human 
action between the deed and doer; if, acknowledging necessity, it 
should come to have a larger and more comprehensive charity for all 
mankind, will it have strayed very far from the example and precepts 
of the world’s great Teacher? Was there not one who, hating leprosy, — 
loved the leper ?—about whom Pharisees murmured because he sat 
at meat with sinners ?—who condemned not her whom the law would 
have stoned ?—who taught that “ it must needs be that offenses come,” 
and whose last prayer asked forgiveness for his enemies, “for they 
know not what they do”? Ido not believe these dying words were 
without meaning ; they were the expression of a scientific truth. 

Nor, finally, will belief in the conformity of will to law hinder our 
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approval and admiration of great and good deeds. The highest and 
noblest action results never from conscious choice, but springs uncon- 
sciously from the force of noble character—“ instinctively,” as we 
sometimes say. Of Cato, it was said that he was good because he Z 
could not be otherwise, So far from lessening the excellence of con- 
duct that noble motives act always with irresistible force upon great 
men, that is the chief reason for honoring them, because they at least 
could not act ignobly. “Here I stand,” said Luther, at Worms, “God 
help me, Ich KANN NicHT ANDERS!” This is the key-note of noble 
action everywhere, “I can not otherwise!” The engineer, at New 
Hamburgh, hesitating not a moment when duty called him to a horri- 
ble death ; the captain of the sinking steamer who will not leave the 
ship until every passenger is safe, and so goes down with her ; Arnold 
Winkelried crying, “Make way for liberty!” and rushing upon the 
Austrian spears; Sir Philip Sidney, mortally wounded, taking from 
his parched lips the water brought him, that a poor soldier, who looked 
longingly with dying eyes at the cup, might first drink ; the martyrs 
who have chosen to suffer ignominy and death that we might have 
freedom of thought and speech—these are types of men humanity will 
ever honor ; their example and memory we shall reverence even though 
we know—rather because we know—that the needle points not more 
surely to the pole than that for them, there and then, meanness was 
impossible—that their great souls were only capable of noble deeds. 








EXPERIMENTAL LEGISLATION. 


By Prorrssor W. STANLEY JEVONS. 


ere. 66 A FOOL, Mr. Edgeworth, is one who has never made an experi- 

ment.” Such are, I believe, the exact words of the remark 
which Erasmus Darwin addressed to Richard Lovell Edgeworth. 
They deserve to become proverbial. They have the broad foundation 
of truth and the trenchant disregard of accuracy in detail which mark 
an adage. Of course, the saying at once suggests the question, What 
is an experiment? In a certain way, all people, whether fools or wise 
men, are constantly making experiments. The education of the infant 
is thoroughly experimental from the very first, only in a hap-hazard 
and unconscious way. The child which overbalances itself in learning 
to walk is experimenting on the law of gravity. All successful action 
is successful experiment, in the broadest sense of the term, and every ad 
mistake or failure is a negative experiment, which deters us from repe- 
tition. Our mental framework, too, is marvelously contrived, so as to 
go on ceaselessly registering on the tablets of the memory the favor- 
able or unfavorable results of every kind of action. Charles Babbage “ 
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proposed to make an automaton chess-player which should register 
mechanically the number of games lost and gained in consequence of 
every sort of move. Thus, the longer the automaton went on playing 
games, the more experienced it would become by the accumulation of 
experimental results. Such a machine precisely represents the acquire- 
ment of experience by our nervous organization. 

But Erasmus Darwin doubtless meant by experiment something 
more than this unintentional heaping-up of experience. The part of 
wisdom is to learn to foresee the results of our actions, by making 
slight: and harmless trials before we commit ourselves to an irrevo- 
cable line of conduct. We ought to feel our way, and try the ice 
before we venture on it to a dangerous extent. To make an experi- 
ment, in this more proper sense, is to arrange certain known condi- 
tions, or, in other words, to put together certain causal agents, in order 
to ascertain their aggregate outcome or effect. - The experiment has 
knowledge alone for its immediate purpose. But he is truly happy, 
as the Latin poet said, who can discern the causes of things, for, these 
being known, we can proceed at once to safe and profitable applica- 
tions. 

It need hardly be said that it is to frequent and carefully planned 
appeals to experiment in the physical sciences that we owe almost all 
the progress of the human race in the last three centuries. Even 
moral and intellectual triumphs might often be traced back to depen- 
dence on physical inventions, and to the incentive which they give to 
general activity. Certainly, political and military success is almost 
entirely dependent on the experimental sciences. It is difficult to dis- 
cover that, as regards courage, our soldiers in Afghanistan and Zooloo- 
land are any better than the men whose countries they invade. But 
it is the science of the rifle, the shell, and the mountain-gun—science 
perfected by constant experimentation—which gives the poor savage 
no chance of successful resistance. To whom do we owe all this in its 
first beginning, but to the great experimentalist, the friar, Roger 
Bacon, of Oxford, our truest and greatest national glory, the smallest 
of whose merits is that he first mentions gunpowder; yet so little 
does this nation yet appreciate the sources of its power and greathess 
that the writings of Roger Bacon lie, to a great extent, unprinted and 
unexplored. It is only among Continental scholars that Roger Bacon 
is regarded as the miracle of his age and country. 

No doubt it is to Francis Bacon, the Lord High Chancellor of 
England, that the world generally attributes the inanguration of the 
new inductive era of science. This is hardly the place to endeavor to 
decide whether the world has not made a great mistake. Professor 
Fowler, in his admirable critical edition of the “Novam Organum,” 
has said about all that can be said in favor of Lord Bacon’s scientific 
claims ; yet I hold to the opinion, long since stoutly maintained by the 
late Professor De Morgan, not to speak of Baron Liebig and others, 
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that Lord Bacon, though a truly clever man, was a mere dabbler in 
- inductive science, the true methods of which he quite misapprehended. 

At best, he put into elegant and striking language an estimate of the 
tendency of science toward experimentalism, and a forecast of the 
results to be obtained. The regeneration of these last centuries is due 
to a long series of philosophers, from Copernicus, Galileo, Descartes, 
Newton, Leibnitz, down to Watt, Faraday, and Joule. Such men fol- 
lowed a procedure very different from that of Francis Bacon. 

Now we come to the point of our inquiry. Is the experimental 
method necessarily restricted to the world of physical science? Do 
we sufficiently apply to moral, social, and political matters those 
methods which have been proved so invaluable in the hands of physi- 
cal philosophers? Do our legislators, in short, appeal to experiment 
in a way which excepts them from the definition of Erasmus Darwin ? 
English legislation, no doubt, is usually preceded by a great amount 
of public discussion and Parliamentary wrangling. Sometimes there 
is plenty of statistical inquiry—plenty, that is, if it were of the right 
sort and conducted according to true scientific method. Nevertheless, 
I venture to maintain that as a general rule Parliament ignores the 
one true way of appealing directly to experience. Our Parliamentary 
Committees and Royal Commissions of Inquiry pile up Blue-books 
full of information which is generally not to the point. The one bit 
of information, the actual trial of a new measure on a small scale, is 
not forthcoming, because Parliament, if it enacts a law at all, enacts it 
for the whole kingdom. It habitually makes a leap in the dark, 
because I suppose it is not consistent with the wisdom and dignity 
of Parliament to grope its way, and feel for a safe footing. Now, I 
maintain that, in large classes of legislative affairs, there is really no- 
thing to prevent our making direct experiments upon the living social 
organism. Not only is social experimentation a possible thing, but it 
is in every part of the kingdom, excepting the palace of St. Stephen’s, 
the commonest thing possible, the universal mode of social progress. 
It would hardly be too much to say that social progress is social ex- 
perimentation, and social experimentation is social progress. Changes 
effected by any important act of Parliament are like storms, earth- 
quakes, and cataclysms, which disturb the continuous course of social 
growth. Sometimes they do much good ; sometimes much harm ; but 
in any case it is hardly possible to forecast the result of a censiderable 
catastrophic change in the social organism. Therefore I hold unhesi- 
tatingly that, whenever it is possible, legislation should observe the 
order of nature and proceed tentatively. 

Social progress, I have said, is social experimentation. Every new 
heading that is inserted in the London Trades’ Directory is claimed 
by those private individuals who have tried a new trade and found it 
to answer. The struggle for existence makes us all look out for 
chances of profit. We are all perhaps in some degree inventors, but 
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some are more bold and successful. Now, every man who establishes 
a shop or factory or social institution of a novel kind is trying an 
experiment. If he hits an unsupplied need of his fellow men, the ex- 
periment succeeds ; that is, it has something succeeding or following 
it, namely, repetition by himself and others. The word “success” is 
a most happy one etymologically. To have success is to have a future 
—a future of imitators. 

It is quite apparent that all the great novelties of recent times have 
been worked out in this tentative way. How, for instance, has our 
vast and marvelous railway system been developed? Did it spring 
forth perfect from the wise forethought of Parliament, as Minerva, 
fully armed and equipped, leaped from the head of Jupiter? On the 
contrary, did not our wise land-owners and practical men oppose rail- 
ways to the very utmost—until they discovered what a mistake they 
were making? There is no great blame to them. Who, indeed, could 
see in the rude tram-line of Benjamin Outram the germ which was to 
grow into the maze of lines, and points, and signals which we now 
pass through without surprise at Clapham Junction or at London 
Bridge? ‘That most complex organization, a great railway station, is 
entirely a product of frequent experiment. Gradatim—step by step 
—would be no unapt motto for any great industrial successes. In 
such matters experiments are both intentional and unintentional. Of 
the former the public hears little, except when they result in some 
profitable patent. The preliminary trials are usually performed in 
secret, for obvious reasons, and the unsuccessful .ones are left unde- 
scribed and are quickly forgotten. As to unintentional experiments, 
they are too numerous. Every railway accident which happens is an 
experiment revealing some fault of design, some insufficiency in the 
materials, some contingency unprovided for. The accident is inquired 
into, and then the engineers set to work to plan improvements which 
shall prevent the like accident from happening in the future. If we 
had time to trace the history of the steam-engine, of gas-lighting, of 
electric telegraphs, of submarine cables, of electric lighting, or of any 
other great improvement, we should see, in like manner, that the wis- 
dom of Parliament has had nothing to do with planning it. From 
the first to the last the rule of progress has been that of the ancient 
nursery rhyme—* Try, try, try: And if at first you don’t succeed, 
Try, try, again.” 

To put the matter in the strongest light, let the reader consider 
what he would say about a proposal that Parliament should decide 
arbitrarily, by its own wisdom, concerning any great impending im- 
provement ; take, for instance, that of tramways and steam tram-cars. 
It is quite conceivable that steam tram-cars will eventually succeed so 
well as to replace horse conveyance to a great extent. All main high- 
ways will then, of course, be laid with tram-rails. But what should 
we think of the wisdom of Parliament if it undertook to settle the 
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question once for all, and, after taking a score of Blue-books full of 
evidence, to decide either that there should be no steam tram-cars, or 
that steam tramways should be immediately laid down between all the 
villages in the kingdom? The House of Lords did take the former 
course two sessions ago, and prohibited the use of steam on tramways, 
because it might frighten horses. In the next session they felt the 
folly of opposing the irresistible, and expressly allowed the experi- 
mental use of steam on tramways. 

It may, perhaps, be objected that these are matters of physical 
science and practical engineering, in which the supremacy of experi- 
ment has long been recognized. That is not wholly so; for the suc- 
cess of a system, like that of the railways or tramways, depends much 
upon social considerations. However that may be, there is no diffi- 
culty in showing that the same principles apply to the most purely 
social institutions. If anything, it is the social side of an enterprise 
which is usually most doubtful, and most in need of experiment when 
it can be applied. To construct the Thames Tunnel was a novel and 
difficult work at the time, but not so difficult as to get the populace to 
use it. The Great Eastern steamship was another instance of a great 
mechanical success, which was a social and economical failure. Many 
like cases might be mentioned, such as the real-ice rinks lately in- 
vented. 

How is it that any kind of purely social institution is usually estab- 
lished? Take the case of the Volunteer Force. This was commenced, 
not to speak of earlier movements, or the ancient Honorable Artillery 
Company, by a few isolated experiments, such as that of the Exeter 
Rifle Corps in 1852, and the Victoria Rifle Corps in 1853. These suc- 
ceeded so well that, when in 1859 fears of invasion were afloat, the 
imitative process set in rapidly. Of course wise, practical people 
laughed at the mania for playing at soldiers, and most people clearly 
foresaw that, when once the volunteers had got tired of their new 
uniforms, the whole thing would collapse. But experience has decided 
very differently. The force, instead of declining, has gone on steadily 
growing and substantially improving, until a good authority lately 
spoke of it as the only sound part of our military system. How much 
has the wisdom of Parliament had to do with the creation of this 
force? I believe that even now the Government and the military 
classes do not appreciate what the volunteer force has done for us by 
’ removing all fear of safety at home and enabling the standing army 
to be freely sent abroad. 

Take, again, the case of popular amusements. Would Parliament 
ever think of defining by act of Parliament when and how people 
shall meet to amuse themselves, and what they shall do, and when 
they shall have had enough of it? Must not people find out by trial 
what pleases and what does not? The late Mr. Sergeant Cox is said to 
have invented penny readings for the people, and they answered so 
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well under his management that they were imitated in all parts of the 
kingdom, and eventually in many other parts of the world. Spelling- 
bees were, I believe, an American invention, and had a very lively but 
brief career. The recent courses of popular scientific lectures arose 
out of the very successful experiment instituted by Professor Roscoe 
at Manchester. Many attempts are just now being made to provide 
attractive and harmless amusements for the people, and this must, of 
course, be done in a tentative manner. 

It is curious, indeed, to observe how evanescent many social inven- 
tions prove themselves to be ; growth and change have been so rapid 
of late that there is constant need of new inventions. The Royal 
Institution in Albemarle Street was a notable invention of its time, 
chiefly due to Count Rumford, and its brilliant success led to early 
imitation in Liverpool, Manchester, Edinburgh, and perhaps elsewhere, 
But the provincial institutions have with difficulty maintained their 
raison d’étre. After the Royal Institutions came a series of Mechan- 
ics’ Institutions, which, as regards the mechanics element, were thor- 
oughly unsuccessful, but proved themselves useful in the form of 
popular colleges or middle-class schools. Now, the great and genuine 
success of Owens College, as a teaching body, is leading to the creation 
of numerous local colleges of similar type. This is the age, again, of 
free public libraries, the practicability and extreme usefulness of which 
were first established in Manchester. When once possessed of local 
habitations, such institutions will, it may be hoped, have long careers ; 
but bricks and mortar are usually requisite to give perpetuity to a 
social experiment. When thus perpetuated, each kind of institution 
marks its own age with almost geologic certainty. From the times of 
the Saxons and the Normans we can trace a series of strata of institu- . 
tions superposed in order of time—the ancient Colleges of Oxford and 
Cambridge, the medieval guilds surviving in the city companies, the 
grammar-schools of the Elizabethan age, the almshouses of the Stuart 
period, the commercial institutions of Queen Anne’s reign, and so on 
down to the free libraries and recreation palaces of the present day. 
Even styles of architecture are evolved by successful innovation, that 
is, experiment followed by imitation, and this was never more apparent 
than in the imitation which has followed upon Sir Joseph Paxton’s 
grand experiment at the Exhibition of 1851.* 

. Now, my contention is that legislators ought, in many branches of 
legislation, to adopt confessedly this tentative procedure, which is the 
very method of social growth. Parliament must give up the preten- 
sion that it can enact the creation of certain social institutions to be 
carried on as specified in the “hereinafter contained” clauses. No 


* I do not remember to have seen the importance of this imitative tendency in social 
affairs described by any writer, except the French engineer and economist Dupuit, who 
fully describes it in one of his remarkable memoirs, printed in the “ Annales des Ponts et 
Chaussées.” 









THE POPULAR SCIENCE MONTHLY. 





760 


4 doubt, by aid of an elaborate machinery of administration and a pow- 

Be NS erful body of police, Government can, to a certain extent, guide, or at 
any rate restrain, the conduct of its subjects. Even in this respect its 
powers are very limited, and a law which does not command the con- 
sent of the body of the people must soon be repealed or become inop- ¢ 
erative. But, as regards the creation of institutions, Parliament is 
almost powerless, except by consulting the needs of the time, and 
offering facilities for such institutions to grow up as experience shows 
to be successful. But an unfortunate confusion of ideas exists, and it 
seems to be supposed that, because for reasons of obvious convenience 
the civil and criminal laws are as a general rule made uniform for the 
whole kingdom, therefore the legislative action of Parliament must 
always be uniform and definitive. When an important change is 
advocated, for instance, in the licensing laws, Parliament collects 
abundant information, which is usually inconclusive, and then pro- 
ceeds to effect all over the kingdom some very costly and irrevocable 
change—a change which generally disappoints its own advocates. 
Take the case of the Sale of Beer Act of 1830, generally known as the 
Beershop Act. This is a salient example of bad legislation. Yet it 
was passed by the almost unanimous wisdom of Parliament, the divi- 
sion in the House of Commons on the second reading sh ving two 
hundred and forty-five ayes and only twenty-nine -noes. The act 
originated with Brougham, in the sense that he had in 1822 and 1823 
brought in somewhat similar bills, which were partially adopted by 
the Government of 1830. The idea of the act was to break down the 
monopoly of the brewers and publicans ; to throw open the trade in 
beer on free-trade principles ; and, by offering abundance of whole- 
some, pure, weak beer, to-draw away the working classes from the gin- 
shops. All seemed as plausible as it was undoubtedly well intended. 
Objections were of course made to the bill, and many people predicted 

* ‘evil consequences; but all such sinister predictions were supposed to 
be spread about by the interested publicans and brewers. Neverthe- 
less, the new act was soon believed to be a mistake. Sydney Smith, 
though he had not many years before pleaded for liberty for the 
people to drink rum-and-water, or whatever else they liked (“ Edin- 
burgh Review,” 1819), quickly veered round, and gave a graphic 
account of the beastly state of drunkenness of the sovereign people. 

It may be safely said that the Beershop Act realized all the evils 
expected from it, and few or none of the advantages. It is difficult 
to say anything in favor of the bar at the corner public-house, except 
that it is better than the dirty low little beershop, hiding itself away 
in some obscure recess of the streets. The first is at any rate under 
the gaze of the public and the control of the magistrates ; the beer- { 
shop, until within the last few years, was too likely to become the un- 
controlled resort of the worst classes. Even now that the beershops 

are brought under the Licensing Magistrates, many years must elapse 
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before the evil wrought by the act of 1830 can be thoroughly re- 
moved. This, then, is a striking instance of a leap in the dark, which 
ought never to have been committed by a prudent Legislature. When 
the Sale of Beer Bill was under discussion, the Chancellor of the Ex- 
chequer seemed to feel that it was a bill which needed experimental 
trial ; for, when objection was made that the act would not extend to 
Scotland, he urged that it might be better to try the act in one part 
of the kingdom in the first instance, and then, if it were found to be 
beneficial, and to answer its intended objects, it might be extended to 
. other parts.* 

In more recent years the granting of grocers’ licenses for the free 
sale of all kinds of spirituous liquors is likely to prove itself to be an 
equally disastrous leap in the dark. With the very best intentions, 
and on the most plausible theoretical grounds, Mr. Gladstone’s Govern- 
ment greatly extended the free sale of wine and beer, so that now, in 
some popular watering-places, ‘I have noticed that almost every third 
shop-window is ornamented with a pyramid of beer-bottles. Yet the 
late Government have only succeeded in making the grocers’ shop the 
avenue to the publican’s bar. No one can for a moment believe that 
the free sale of liquors for home use has in the least degree weakened 
the publican’s hold on his customers. If I had on a priori grounds 
to plan out a scheme of liquor-traffic, I should just reverse the existing 
law relating to beershops and grocers’ licenses. I would prohibit ‘the 
“off” sale of liquor on any premises where other articles were sold ; 
the purchaser desiring to buy wine, beer, or spirits for home use should 
be obliged to go to some one of a comparatively few well-marked shops 
dealing in those things alone. On the other hand, where liquor is sold 
for consumption on the premises, I should oblige the seller to furnish 
food and reasonable sitting accommodation. This would be nothing 
more than a return to the old law about licensed victualers, which 
yet exists in the letter, though it has been allowed to fall into practi- 
cal abeyance. The very reasonable law obliging publicans to afford 
general entertainment was sadly broken down by the Beershops Act, 
which provided unlimited means for the drinking of beer, pure and 
simple, without food of any kind. But my contention is, that we 
must not proceed in such matters on a priori grounds at all. We 
must try. 

Perhaps it may be said that every new law is necessarily an experi- 
ment, and affords experience for its own improvement, and, if neces- 
sary, its abrogation. But there are two strong reasons why an act 
which has been made general, and has come into general operation, 
can-seldom serve as an experiment. Of course, a great many acts of 
Parliament are experimentally found to be mistaken, for they never 
come into considerable operation at all, like the acts to promote regis- 
tration of titles, not to mention the Agricultural Holdings Act. Such 


* “ Hansard’s Debates,” April 8, 1830, New Series, vol. xxiv., p. 26. . 
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cases prove little or nothing, except the weakness, and possibly the in- 
sincerity, of the Legislature. But if an act comes largely into opera- 
tion it is practically irrevocable. Parliament can not say simply “as 
you were,” and proceed to a new and more hopeful experiment. A 
social humpty-dumpty can not be set up again just as it was before 
even by the Queen’s men. The vested interests created are usually 
too formidable to be put aside, and too expensive to be bought up. A 
good many years, say seven, or ten at the least, are needed to develop 
properly any important legislative experiment, so that the same gener- 
ation of statesmen would not have more than ‘three or four opportu- 
nities of experiment in the same subject during the longest political 
career. If we divide up the country, and try one experiment on one 
town or county, and another on another, there is a possibility of mak- 
ing ah almost unlimited number of valid trials within ten or twenty 
years. But, apart from this consideration, a general legislative change 
is not a true experiment at all, because it affords no clear means of 
distinguishing its effects from the general resultant of social and in- 
dustrial progress. Statistical facts are usually numerical or quantita- 
tive in character, so that, if many causal agencies are in operation at 
the same time, their effects are simply added together algebraically, 
and are inextricably merged into a general total. Thus, the total num- 
bers receiving poor-law relief, or the numbers apprehended in the king- 
dom for drunkenness, are numerical results affected by the oscillations 
of trade, by the character of the seasons, the value of gold, etc., etc., 
as well as by the acts of the Legislature. To make a valid experiment 
we must have a certain thing subject to certain constant conditions, 
and we must introduce a single definite change of condition, which 
will then be probably the cause of whatever phenomenon follows. It 
is possible, indeed, to experiment upon an object of varying condi- 
tions, provided we can find two objects which vary similarly ; we then 
operate upon the one, and observe how it subsequently differs from the 
other. We need, in fact, what the chemists call a “ blind experiment.” 
Suppose, for instance, that an agricultural chemist or a scientific farmer 
wished to ascertain the effect of a new kind of manure ; would it be 
rational for him to spread the manure over all his available land? 
Would it not then be doubtful whether the increase or decrease of 
yield were due to the manure or to the character of the seasons? In 
this case his neighbors’ crops might, to some extent, furnish the blind 
experiment, showing what had been the ordinary yield. But, of 
course, the obvious mode of procedure is to spread the new manure 
over a part only of each experimental field, so that the difference of 
the crops on the different patches brings out, in the most unquestion- 
able way, the effect of the manure. Not only is the smaller experi- 
ment, in a logical point of view, far better than the larger one, but it 
is possible to try many concurrent small experiments upon a farm of 
moderate extent. 

















“Ud 








-ment,” consisting in the extraordinary success with which the magis- 








EXPERIMENTAL LEGISLATION. 763 
I maintain that, if our legislators are to act rationally, they will as 
far as possible imitate the agricultural chemist. The idea, for instance, 
of obliging, or even allowing, all the boroughs in the kingdom simulta- 
neously to adopt the Gothenburg plan, would be ridiculous and irra- 
tional. The cost and confusion which would arise from a sudden 
general trial must be very great ; many years would elapse before the 
result was apparent. And that result would not be so clear as if the 
trial were restricted to some half a dozen towns. In the mean time it 
would be far better that other boroughs should be trying other experi- 
ments, giving us many strings to our bow, while some towns would 
actually do best for the country by going on as nearly as possible in 
their present course. Specific and differentiated experience is what we 
need, before making any further important change in the drink-trade. 

Not only is this the rational method of procedure, but it is practi- 
cally the method to which we owe all the more successful legislative 
and administrative reforms of later years. Consider the Poor Law 
question. During the eighteenth century, Parliament made two or 
three leaps in the dark, by enacting laws such as Gilbert’s Act, and 
very nearly ruined the kingdom by them. The great Poor Law Com- 
mission commenced its operations in the soundest way’ by collecting 
all available information about the treatment of the poor, whether at 
home or abroad. But, what is more to the point, since the new Poor 
Law was passed in 1834, the partially free action of Boards of Guar- 
dians, under the supervision of the Poor Law Commission and the Poor 
Law Board, has afforded a long series of experimental results. The 
reports of Mr. Edwin Chadwick and the late Sir George Shaw Lefevre 
are probably the best models of the true process of administrative 
reform to be anywhere found. In more recent years several very im- 
portant experiments have been tried by different Boards of Guardians, 
such as the boarding out of pauper children, the suppression of va~ 
grancy by the provision of separate vagrant cells and the hard-labor 
test, and the cutting down of outdoor relief. If the total abolition of 
outdoor relief is ever to be tried, it must be tried on the small seale 
first ; it would be a far too severe and dangerous measure to force 
upon the whole country at a single blow. Much attention has lately 
been drawn to the so-called “Poor-Law Experiment at Elberfeld,” 
which was carefully described by the Rev. W. Walter Edwards, in an 
article in the “Contemporary Review” for July, 1878, bearing that 
precise title. 

Even when an act of Parliament is passed in general terms apply- 
ing to the whole kingdom at once, it by no means follows that it will 
be equally put into operation everywhere. The discretion necessarily 
allowed to magistrates and other authorities often gives ample scope 
for instructive experiments. Some years since the Howard Associa- 
tion called attention to what they expressly called “The Luton Experi- 
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' trates of Luton in Bedfordshire enforced the provisions of the “ Pre- 
vention of Crime Act.” The number of committals to jail from Luton 
and its vicinity was reduced from two hundred and fifty-seven in 1869 
to sixty-six in 1874. The only fault of the experiment consists in the 
possibility that the thieves and roughs migrated, but this difficulty 
would be less serious had the experiment been tried in larger towns. 

What little insight we can gain into the operation of the licensing 
laws is mainly due to the considerable differences with which they 
have been administered in different places. Such is the latitude of 
discretion given by the law that magistrates can often make very dis- 
tinct experiments. A short time ago the magistrates of Glasgow in- 
tentionally and avowedly made the experiment of locking up in jail all 
the drunkards brought before them. When I last heard about this 
experiment it was on the point of failing, because the jails of Glasgow 
were all quite full, and still the drunkards were coming to the bar. 
In 1863 the Licensing Magistrates of Liverpool commenced a most 
interesting experiment, by declaring their intention to adopt “free 
licensing,” that is, to grant licenses to any suitable persons who ap- 
plied for them. The publicans’ licenses were increased from sixteen 
hundred and seventy-four in 1862 to nineteen hundred and forty in 
1866. The system was abandoned in this last year, owing to a change 
in the constitution of the Bench. None of the magistrates who advo- 
cated the change, we are told, ever recanted, but some who supported 
the change to a restrictive policy have been disappointed with the 
results. The teaching of this real experiment has been carefully dis- 
cussed by Mr. 8. G. Rathbone in a very able letter, published in the 
“Times” of the 12th of February, 1877, as also in his evidence before 
the Lords’ Committee of Inquiry on Intemperance (questions 259-384, 
etc.). But, apart from his objections to the interpretation put upon 
the facts, the experiment was not continued sufficiently long, and the 
town in which it was tried is so unique in the annals of intemperance 
as to be ill-fitted for the purpose. 

Much attention has been drawn recently to the merits of the so- 
called Gothenburg scheme, the adoption of which has been so ably 
advocated by Mr. J. Chamberlain, M. P. Now, what is this advocacy 
but argument from a successful experiment ? The municipal authori- 
ties of Gothenburg allowed a certain method of conducting the sale 
of liquor to be tried there, and the success was apparently so great 
that other Swedish towns are rapidly adopting the same plan. This is 
just the right procedure of trial and imitation. But, if Mr. Chamber- 
lain means that, because the plan succeeds in Gothenburg, therefore the 
municipal authorities of English towns ought at once to be obliged to 
purchase and administer the public-houses, he goes much too far. All 
we ought to do is to try the system in a limited number of towns. 
Any one acquainted with the bright little Swedish seaport, and the 
orderly, polished lower-class population of Sweden, will be in no hurry 
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to draw analogies between their condition and that of our great, busy, 
turbulent Anglo-Irish towns. At any rate it is obvious that experi- 
ments ought to be made upon the most closely proximate cases which 
can be found, and, if three or four such towns as Birmingham, Bristol, 
Bolton, and Newcastle-upon-Tyne could be induced to try the Gothen- 
burg scheme, it would be an ample first experiment. Even between 
English towns the differences of magnitude, race, occupation, and lo- 
cal government are often so great that it is by no means certain that 
the same scheme will succeed equally in all. The differences in the 
intemperance rates in the several boroughs of England, to which I shall 
perhaps draw attention on a future occasion, are so extraordinary and 
profound that the Committee of the House of Lords were thoroughly 
bewildered on the subject. Under such circumstances it should not 
be assumed that uniform legislation must be the ultimate object of our 
efforts. 

It isa most important question how far the proposals of the 
United Kingdom Alliance for the Suppression of the Liquor Traffic 
can be approved from the point of view here taken up. I venture to 
maintain that those proposals, so far as embodied in the Permissive 
Prohibitory Bill, now dropped, had all the possible evils of a great 
legislative leap in the dark, with few of the corresponding possible 
advantages. Four years ago, in a paper read to the Manchester Sta- 
tistical Society, I gave reasons for believing that the long-continued 
and costly proceedings of the Alliance were simply thrown away, ex- 
cept so far as they might bea warning against similar unwise attempts 
at legislation. I showed that the Alliance were striving against triple 
improbabilities : firstly, the improbability (as manifested by the de- 
creasing ratio of the ayes to the noes in the House of Commons’ 
divisions) that Parliament would ever pass the bill ; secondly, the im- 
probability that, if passed, the Permissive Act would be largely adopt- 
ed by local authorities ; thirdly, the improbability that, if adopted, it 
would succeed in lessening intemperance. According to the mathe- 
matical principle of the composition of probabilities by multiplication, 
the probability that any good would ever result from an agitation 
costing more than a quarter of a million pounds, and extending 
already beyond a quarter of a century in duration, was practically nil. 
The only effective answers given to my arguments were those of the Rev. 
Mr. Steinthal and one or two others, who held that the probabilities in 
question are not altogether independent, because Parliament could 
hardly be forced to pass the bill unless there were extensive localities 
wishing to adopt it. There is a certain amount of truth in this objec- 
tion, but it does not to any great degree strengthen the position of the 
Alliance. Their proposals in their original form seem to me to have 
the character of a vast experiment—so vast that it was intended to 
involve the extinction of the trade of publicans and liquor-dealers 
generally in all parts of the country. Now, that is an experiment, be- 
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cause it is exceedingly doubtful whether the population would tolerate 
such an interference with their habits, when the meaning of the act 
came home to them. The information which we can draw from Maine, 
or other places where prohibition of the traffic has existed, is most 
conflicting in itself, and remote in analogy. Accordingly, I should 
much like to see the prohibition of the public sale of liquor tried in 
several large English boroughs and districts, provided that the neces- 
sary act for the purpose could be carried without stopping all other 
legislation on the subject. 

Within the last twelve months Sir Wilfrid Lawson and his follow- 
ers have had the excellent good sense to drop the Permissive Bill, and 
proceed, by way of Parliamentary resolution, in favor of “local op- 
tion.” Ireally do not know exactly what is meant by “local option.” 
Perhaps the Alliance itself does not know ; the wisest course would be 
not to know—that is, to leave a latitude of meaning. In any case they 
have changed their policy. For year after year, for nearly the average 
length of a generation, it was the eleven clauses and one schedule of the 
Permissive Prohibitory Liquor Bill, pure and simple. Now it is “local 
option.” Even if “local option” mean option of prohibition, a reso- 
lution is more tentative method of procedure than the precise clauses 
of the celebrated bill. But if, as I fondly hope, “local option” will 
be interpreted to mean option for local authorities to regulate the 
liquor-traffic in the way thought to be most suitable to the locality, in- 
clading prohibition when clearly desired by the inhabitants, then the 
matter assumes a much more hopeful aspect. Not only will the resist- 
ance to such a proposal be far less than to the Permissive Bill, but 
there will be considerable probability that when passed some success- 
ful experiments will be carried out. In fact, this “local option” would 
just be the mode of giving a wide field for diverse experiments which 
I am advocating. The teetotalers would be at liberty to try their 
experiments, but they would not in the mean time stop the progress of 
many other experiments, some of which might, in the course of ten 
or fifteen years, offer a sound solution of this most difficult problem. 
Of course, I am aware that this question of the drink-traffic is to a 
considerable extent a political one. There is a good deal which I 
might say upon this topic, but it would not be suitable to the tenor of 
my theme. If the ‘political condition of England be such that the 
social reform of the people is not the main purpose of our Government, 
then we must hope that there are brighter lands where the political 
position is very different. ' 

The best way of dealing with the liquor-trade would be to hand 
over the matter to the hands of a strong executive commission framed 
somewhat on the lines of the Poor-Law Commission. This body 
should have the power of authorizing schemes, proposed by local 
authorities, and should supervise the working of such schemes, and 
collect minute information as to the results. They would work entire- 
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ly through local authorities, whether the corporations of cities and 
boroughs, or the benches of Licensing Magistrates. Before allowing 
any very serious experiments, such as the abolition of the public sale, 
the local authority would have to present evidence that the mass of the 
inhabitants was in favor of such a measure, and the Commissioners 
would then probably assign a suitable district, and authorize police 
regulations suitable for the most advantageous trial of the experiment. 
This method would carry out to the fullest point the idea of a “ local 
option.” Free licensing might be tried in Liverpool, and such other 
boroughs as liked to venture on such a hazardous experiment. The 
Gothenburg scheme would be adopted by Birmingham and a few other 
towns. Manchester might prefer the slighter measure of a rigid re- 
striction and supervision of the public-houses. It is to be hoped that 
Sunday closing and a lessening of the week-day hours would be voted 
by many local authorities, and the experiment of remodeling the 
trade, as suggested above, ought certainly to be tried I should also 
much like to see some trial made of the important suggestion put for- 
ward by Dr. John Watts, at the last meeting of the Social Science 
Association. He suggests that in each town or district a limited 
number of licenses should be sold by public auction or tender. His 
purpose apparently is to limit the number of licenses, and yet to se- 
cure the profits of the monopoly to the community. 

After the expiration of ten or fifteen years, Parliament would be in ~ 
possession of a great amount of really practical information, but the 
probability is that it would not be found necessary to pass any great 
act for the subsequent regulation of the traffic. The scheme which 
was found to work best would by degrees be imitated in the districts 
of corresponding circumstances, just as the Gothenburg scheme is be- 
ing imitated in other Swedish towns. I do not think that in a matter 
of this sort the final law need be exactly uniform. In the licensing 
act of 1872 it was found undesirable to fix a uniform hour of closing 
public-houses all over the country. Owing to the difference of habits, 
the metropolitan area was allowed one hour later at night, and consid- 
erable latitude was left to the Licensing Magistrates to vary the hours 
of closing. Surely such matters approximate moro in character to 
hackney-cab regulations or matters of police, which have long been 
left to the borough authorities. It is only the political question loom- 
ing behind the social or legislative question, which could warrant Par- 
liament in deciding that people shall go to bed one hour earlier in the 
country than in London. But Parliamentary experience concerning 
the Licensing Act of the late Cabinet, and the now defunct Permissive 
Bill, can not encourage any party to press for a further great general 
measure of licensing reform. Asto the present state of things, it could 
not be much worse nor more absurd. What with the great variety of 
kinds of licenses, the doubts and fears of the magistrates as to their 
powers of withdrawing licenses or restraining extension of premises, 
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the remissness—to use a mild expression—of the police in prosecuting 
the offenses of publicans, and the universal facility of obtaining any 
amount of drink at the nearest grocer’s shop—I say things really can 
not be much worse than they are. Under the vigorous exertion of 
local option the state of affairs would undoubtedly improve in some 
parts of the country ; the pressure of public opinion, of the proposed 
Commissioners, or, in the last resort, of Parliament, would eventually 
force the negligent localities to follow the example of the most suc- 
cessful “local-option schemes.” 

Let it be understood that I do not fora moment suppose that there 
is much, if any, novelty in the proposals made above. In one place or 
another almost every suggestion, except perhaps that of a superin- 
tending Commission, has been made and discussed. The Lords’ Com- 
mittee have themselves recommended “ that legislative facilities should 
be afforded for the local adoption of the Gothenburg and of Mr. 
Chamberlain’s schemes, or of some modification of them.” And the 
Lords have themselves recognized the value of social “ experiments ” in 
providing counter-attractions to the public-house. In their final report, 
dated the 17th of March last, they remark (p. xliv.) : 

These experiments are too recent, and, in spite of their rapid increase, toa 
partial and limited, to enable the Committee to pronounce with confidence on 
their ultimate success, or on the extent of the influence they may exercise in 
diminishing intemperance; but they desire to express their strong opinion that, 
if generally prosecuted and conducted with due regard for the wants and com- 
forts of a population among whom education is gradually diffusing a taste for 
enjoyment far less coarse and gross than in the past, they are destined to have 
an important influence for good. It is obvious that the desire for recreation 
is felt by all classes alike. 





What is this, however, but an express recognition by the House 
of Lords of the need of experimentation as regards the entertainment 
and recreation of.the people? I fail to see how such experimentation 
either can or ought to be confined to philanthropists. If we look 
around and notice the vast new restaurants of London,.the innumer- 
able glittering railway-bars in all parts of the country, the music-halls 
of all ranks and kinds, the dancing and drinking saloons of some pro- 
vincial towns—such as Nottingham—and the great enterprise with 
which Buch places of recreation as the Pomona and Bellevue Gardens 
at Manchester are conducted, we shall see that social experiments are 
not confined to the teetotalers. Indeed it would not be difficult to 
prove that the nugatory licensing laws, as now administered, present 
the least possible obstacleto the publicans in pushing their experi- 
ments, while they do prevent social reformers from interfering, or from 
establishing counter-experiments on an equal footing. It is hardly 
too much to say that the licensing laws are laws to give a license to 
the publicans and grocers to.do what they like to extend the sale of 
spirituous liquors. 
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Although the liquor-traffic presents the widest and most important 
sphere for social experiment, there are many other matters to which it 
must be applied. Consideration in detail must show whether, in each 
case, the tentative method is or is not the proper method. But it is 
easy to name several other reforms which ought, in all probability, to 
be approached in the experimental manner. Thus, peasant proprietor- 
ship ought certainly to be tried in Ireland, as it was intended to be 
tried under the Bright clauses of the Irish Land Act. I am familiar 
with most of the economic objections to peasant proprietorship in this 
kingdom, and I have read sufficient of the large literature of the sub- 
ject to know that evidence in favor of and against such a tenure of 
land is exceedingly divergent and perplexing. The proper resource, 
then, is to try the thing, not by some vast revolution in the land-own- 
ing of Ireland, as proposed by the late Mr. Mill—a measure which, in 
the first place, would never pass Parliament, and, if it did, would cost 
an enormous sum of money, and probably result in failure—but by a 
small and progressive experiment. “Earth-hunger” is a very potent 
passion, and I believe it is that from which the Irish people are really 
suffering. Bread and bacon are not the only good things an Irish 
peasant might aspire to; a place to call his own, a sharé of the air and 
sunlight of his native isle, and a land-bank in which to save up the 
strokes of his pick and spade, might work moral wonders. It is not 
safe to predict the action of human motive; but, at any rate, try it, 
although the trial cost as much as one or two first-rate ironclads, or 
a new triumph over a negro monarch. Surely the state of our Irish 
Poland is the worst possible injury to our “ prestige.” 

Much doubt exists, again, as to whether imprisonment is necessary 
to enforce the payment of small debts. If needless, it is certainly 
oppressive. But if the abolition of the power of imprisonment, on the 
part of County Court judges, would really destroy the credit of the 
poorer classes with their tradesmen, a general measure to that effect 
would be dangerous and difficult to retract. I do not see how the 
question can be decided, except by trying the effect in a certain num- 
ber of County Court districts, and watching the results. 

It would be well worth the trouble to try the effect upon a certain 
body of inhabitants of the most perfect sanitary regulation, somewhat 
in the manner foreshadowed by Dr. B. W. Richardson in his “City of 
Hygeia.” This I should like to see tried, as regards the middle classes, 
in some newly built watering-place, with full and special powers of 
sanitary regulation to be granted to. it by Parliament, avowedly as an 
experiment. At the same time, a few large blocks of workmen’s 
dwellings ought to be built and placed under experimental sanitary 
laws. I am convinced that legislation must by degrees be carried much 
further in this direction than is at present the case, but it ought to pro- 
ceed tentatively. 

One of the difficult questions of the present day is, How can Lon- 
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don be supplied with water? There would be few engineering diffi- 
culties if it were allowable to separate the supply of pure water for 
drinking and cooking purposes from the much larger quantity required 
for other purposes. Will people drink the impure water? Who can 
decide such a question satisfactorily, except by experiment on a moder- 
ate scale? What could be more absurd than to spend millions upon 
procuring a separate supply of pure drinking-water for the population 
-of London, and then finding that the population would drink the im- 
pure water? Many other like matters must be,referred to trial, but it 
is not the purpose of this article to present a catalogue of experimental 
reforms, or to follow the argument out into all the possible details. 

I am well aware that social experiments must often be subject to 
various difficulties, such as the migration of inhabitants, or even the 
intentional frustration of the experiment by interested parties. I have 
heard it said that the prohibition of liquor-traffic could not be tried on 
a small scale, because the publicans would be sure to combine to send 
liquor into the area. If they did so, the fact could readily be put in 
evidence, and, if they can defeat the teetotalers in detail, I am quite 
sure that they will defeat them upon any very great and general mea- 
sure like the Pérmissive Bill. As to migration of inhabitants, it must 
be provided against either by suitably increasing the areas of experi- 
mental legislation, or else by collecting information as to the amount 
and probable effects of the migration. But the main point of my theme 
is to prove that we can not really plan out social reforms upon theo- 
retical grounds. General argument and information of all kinds may 
properly be employed in designing and choosing the best experiments, 
but specific experience on a limited scale and in closely proximate cir- 
cumstances is the only sure guide in the complex questions of social sci- 
ence. Our method must be that of the supremely wise text: “Prove 
all things; hold fast that which is good.”——- Contemporary Review. 


CURIOUS WAYS OF GETTING FOOD. 
Br HERMAN L. FAIRCHILD. 


O eat and, to be eaten would seem the necessity and the end of 
every living thing. Doubtless every plant may serve as food for 
some animal ; and there is no animal which may not be meat for some 
other animal. Nature is a vast hunting-ground, where man and beast 
and every animated being are legitimate prey. Not alone do the car- 
nivorous animals eat the herbivorous. The blood-loving tiger is itself 
the prey of parasites. Even proud man is living booty. Animals 
within animals ; life within life. There is literal truth in the satirical 
passage : 
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“So, naturalists observe, a flea - 
Has smaller fleas that on him prey; 
And these have smaller still to bite ’em, 
And so proceed, ad injinitum.” 


The variety of animal food is, therefore? as broad as animated 
nature. Hence, we find great variety of means and methods for pro- 
curing subsistence. Particularity in food implies especial or efficient 
means of getting that food. The strange appendages of animals, their 
form, color, and habits, have to do more with the prehension of food 
than with any other function, It will be interesting to briefly survey 
the animal kingdom with reference to this marvelous adaptation. Its 
origin we will not discuss. 

The simplest manner of procuring food is shown by the tapeworm 
and some other intestinal animals. These feed on the nutritive fluid 
prepared in the alimentary canal of the animals which they inhabit ; 
and, being destitute of mouth and stomach, absorb the already digested 
food directly through the skin or body-walls. Probably this absorp- 
tion does not require will or effort on the part of the parasite, but 
takes place simply by the physical action known as osmiose. It is thus 
equivalent to the last step in the digestive process of higher animals, 
Some parasites, as the larva of the tapeworm, which live in the muscles 
and tissues, imbibe the animal juices by the walls of the body ; but 
here the process as a whole is slightly higher, for this food probably 
requires more elaboration or digestion. 





Fro. 1.—Hawx-Mora (Sphinz quinqguemaculatus). 


Any special modification or organ for procuring food is a great 
advance beyond the method already described. Liquid food is more 
easily prehended than solid, yet the means are various and remarkable, 
Even the simplest organs are wonderful in their structure and action. 

Those butterflies and moths which take any food at all have a 
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long, slender tube for pumping the nectar of flowers. This “ pro- 
boscis” is frequently much longer than the insect’s body, and when 
not in use is beautifully coiled under the head. The humming-bird 
has a long, slender beak for the same purpose, which in some species 
is curved to fit certain, flowers, it is said. Bees and flies lap their 
food, the former with a hairy tongue, the latter with a proboscis 
knobbed at the end. The sucker of the leech is furnished with three 
little saws for cutting the skin of its prey in order to draw its blood. 
A barbed tube is used by the louse ; while the irrepressible mosquito 
is provided with a whole set of surgical instruments. Its proboscis, 
which seems so simple to the unaided eye, is found to be a “ flexible 
sheath inclosing six distinct pieces, two of which are cutting-blades or 
lancets, two notched like a saw with reverted teeth, a tubular canal, 
and the central one an excessively acute point, which is also tubular.” 





Fie. 2.—Movrs-Parts or Mosguiro. 


It is interesting to know how the insect uses so many instruments, as 
we have all had the pleasure of being the subjects of her surgical skill 
(for only the female is admitted to the practice of bloodletting). 
“When the attack is made, the gnat (or mosquito) brings the tip of 
the organ within its sheath to press upon the skin into which it pres- 
ently enters, the sheath remaining without and bending into an angle 
as the lancets descend. When the weapon has penetrated to its base 
—a distance of one sixth of an inch or more—the lancets move laterally 
and thus cut the flesh on either side, promoting the flow of blood from 
the superficial vessels ; at the same moment a highly irritative fluid is 
poured into the wound,. which has the effect of diluting the blood and 
thus rendering it more capable of flowing up the slender central tube 
into the throat of the insect.” 

Many aquatic animals, especially the low, fixed forms, depend for 
subsistence upon the minute organic particles floating in the water. 
But if the animal can not move in search of food it must have some 
means of bringing the food to itself. This is frequently accomplished 
by vibrating hair-like appendages, called cilia, which produce currents 
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in the water. In that immense aggregation of minute animals, the 
sponge, the canals ramifying through the mass are lined with cilia, 
which cause constant currents of water to pass in at the small pores 
and issue at the large openings. Thus “the sponge represents a kind 
of subaqueous city, where the people are arranged about the streets 
and roads in such a manner that each can easily appropriate his food 
from the water as it passes along.” Cilia fringe the gills of the bivalve 
mollusks, like the oyster and scallop, or the clam, which can burrow in 
the sand and send up into the water a long tube or siphon. 

- The great Greenland whale subsists on the small animals which 
swarm in the Arctic seas. But how shall the enormous beast capture 
sufficient of those tiny creatures? Its apparatus is as remarkable as it 
is unique—a huge sieve, made of the fringed edges of hundreds of 
“whalebone” plates, hanging from the roof of the mouth. Filling 
its cavern-like mouth with water containing the small animals, these 
are strained out as the water is expelled. 

Solid food in masa requires some means of grasping—true prehen-. 
sion ; generally accompanied by the power-of dividing or crushing— 
mastication. A most curious method, and but one step higher than 
shown in the tapeworm, is exhibited by the microscopic ameba, found 
in fresh water. An animal without any permanent appendages what- 
ever, a bit of almost structureless protoplasm, it nevertheless moves 
without limbs, breathes without gills, seizes food without prehensile 
organs, and digests without a stomach, All the animal functions are 
performed by the general mass of the body. Its mode of feeling is as. 
follows : When a nutritious particle comes in contact with the body, 
the surface at that point begins to depress or fall in, and so continues: 
until the surrounding surfaces meet and unite. In other words, the 
animal wraps itself around the particle, and the bit of food is enveloped 
in the albuminous body-mass. The nutritive matter is absorbed, and 
any undigested of waste matter is expelled by a reverse process. 
Briefly, the ameba extemporizes a stomach upon the place and at the . 
time it is needed, and is not troubled with that uneasy organ when it 
is not needed. The ills of dyspepsia are to the ameba unknown. 

The polyp or sea-anemone has numerous grasping: arms called ten- 
tacles surrounding the mouth, which is at the top of the stump-shaped 
body. But the muscular power of the soft, watery animal is not suf- 
ficient to hold a lively crab or other struggling prey. To supplement 
this weakness, it is provided with a most marvelous and deadly appa- 
ratus. The surfaces of the tentacles, and frequently of the stomach 
and body-walls, hold countless minute sacs containing beautifully coiled 
filaments, which are quickly thrown out like so many poisoned darts 
to pierce and paralyze the victim. The structure and action of these 
stinging threads is one of the greatest wonders of nature. The weak 
jelly-fish uses the same means to overpower its prey, which, enveloped 
and paralyzed by the hundreds of thread-like tentacles, is drawn up- 
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ward into the digestive cavity. The larger jelly-fishes, with tentacles 
streaming out to a length of thirty or forty feet, could easily paralyze 
large animals. It has been suggested that some of the sudden and 
strange disappearances of bathers may have been caused by these fear- 
ful creatures. 

Hundreds of little air-pumps are employed by the star-fish. These 
sucking-disks upon the under side of the flexible rays enable the ani- 
mal to adhere with surprising power. And it can also protrude its 
stomach to inwrap prey which is too large to swallow. It is thus able, 
by turning itself inside out, to suck an oyster from its shell ; and, 
having an especial fondness for these mollusks, it makes great havoc 
among the oyster-beds. 

The tongue is the prehensile organ of the univalve mollusks. 
Being covered with rows of toothed plates it acts like a rasp, or can 
be protruded beyond the head to serve as a drill. The vegetable- 
feeding snails have also a bony plate in the roof of the mouth to aid 
in cutting. The common garden-snail has not less than 28,000 teeth 
on its strap-shaped tongue. These mollusks, and all animals hereafter 
mentioned, have the superior power of vision which, enabling them to 
discover food or pursue their prey, is of the greatest aid in getting 
food. The other senses are also aids to prehension. 





Fie. 3.—Common Pours (Octopus vulgaris). 


The devil-fish, so called, the highest of mollusks, is possessor of an 
apparatus which for terrible efficiency could hardly be surpassed. Its 
prey is seized by eight long “arms” which ‘surround the mouth, and 

the grasp is assured by rows of sucking-disks on the inner side of these 
arms. Indeed, these diminutive air-pumps' thold so firmly that an arm 
will sometimes tear from the head. Some species have in addition 
two other arms equaling the body in length, which are commonly 
folded beneath the head, out of the way. As the creature nears its 
intended prey, these two long arms are quickly projected and seize the 
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victim by means of the suckers, thus servihg a purpose similar to a 
harpoon or lasso. As the victim is drawn nearer, the shorter arms 
wrap around it and effectually prevent its struggles. Now comes in 
play another instrument, its powerful, horny jaws, which form a beak 
shaped like a parrot’s inverted. With this terrible weapon it bites its 
victim in the back of the neck, thus cutting the spinal cord and pro- 
ducing immediate death. 


Fie. 4—Prorrupep (sornacus or « Sza-Worm. 


How different is the method employed by the Laodicea! This 
worm inverts or protrudes its gullet as a sort of proboscis, provided 
at the end with little teeth for grasping. Like the star-fish, to seize 
its food, it turns itself inside out. 

Biting insects and most articulates have horny jaws moving hori- 
zontally. Poison fangs are sometimes added, as in the centiped. The 
claws of the crab and lobster are transformed legs ; one frequently 
used as an anchor, while the other holds the prey. 

Every one is familiar with the skillful trap which the spider sets 
for his victims. This wily creature sometimes builds a concealed lair 
whence it can spring upon its prey. Others, that spin no web, have a 
curious fashion of fastening a thread to whatever object they stand 
on at the instant they pounce on their prey, in order that the victim, 





Fre. 5.—Prr or Ant-Lrion. 


which is frequently larger than the spider, may not fly away with its 
captor. It does fly to the extent of the thread, but the poison soon 
takes effect, and the cruel spider deliberately winds up its anchor cable 
and recovers its footing. 
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A relative of the dragon-flies, the ant-lion, when in the larval state, 
digs a conical pitfall, at the bottom of which it lies buried, with only 
its strong jaws projecting. Here it patiently waits for an ant or some 
small creature to tumble in. If the struggling animal seems likely to 
clamber out, the ant-lion hurls sand at it to bring it within reach of 
the fatal jaws, where it is surely lost. 

Ants sometimes undertake the dairy business. Being exceedingly 
fond of a milky fluid which exudes from two tubes situated on the 
hinder part of the bodies of certain plant-lice, called aphides, to pro- 
cure it they resort to measures strangely intelligent for even the pro- 
verbially wise ant. They have been known to build mud stables in 
which the aphides were kept as stalled milch-cows. To cause the flow 
of milk, the ants irritate or rub the tubes with their antennz. 





Fie. 6.—ANT MILKING AN APHIS. 


With few exceptions fishes depend upon their numerous teeth for 
seizing food. The sturgeon is toothless, and draws in its food by suc- 
tion. A single long tooth is used by the hag-fish to transfix its victim, 
while it bores the fiesh with a long, spiny tongue. The angler lies half 
concealed by sand and weeds, with its enormous mouth agape ready to 
seize any small fish which may incautiously venture near. Upon its 
nose is a long, flexible spine, .with#shiny tip, which, waving in the 
water, decoys small fry to theimdeath. 

King of fishes, by virtue both of size and ferocity, is the rapacious 
shark. This terror of the sea has its mouth armed with hundreds of 
teeth, triangular in outline and serrated on the edges. There are sev- 
eral rows, and, as the outer old teeth drop away, others rise into position 
to take their places. 

In Japan is found a beautiful fish which has a sort of gun for bring- 
ing down insects. It does not have to wait, like other fishes, for the 
fly to fall into the water by accident. Seeing one lighted near the 
water, the chetodon gently approaches, and, aiming its beak, biows a 
drop of water with unerring aim, knocks the unsuspecting fly off its 
perch into the stream, and devours it, doubtless with a relish begotten 
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of its skill asa sportsman. An air-gun with a drop of water for a 
bullet! It is said the Japanese amuse themselves by watching their 
captive chetodons shoot the flies presented to them. 





Fie. 7.—Tax AnGLEr (Lophius piscatorius). 


Most reptiles use teeth for prehending food, like the fishes. Some, 
however, as the toad and chameleon, employ the tongue, which, being 
rooted in front and free behind, besides being very extensile, is thrown 
out and over with great quickness and precision. A ottaky saliva 
causes the insect to adhere. 

Poison-fangs of serpents are helps to procure food as well as weap- 
ons ; and the power of charming is a very strange and effective way 
of obtaining food. 

The alligator will approach a large animal which may be standing 
at the water’s edge, and, by a quick blow of its powerful tail, knock 
the unsuspecting creature into the water. In deep water it is at the 
mercy of the reptile, which kills it by drowning. The nostrils of the 
alligator and crocodile are so placed as to be out of water, while the 
prey held in the jaws is. beneath the surface. 

Birds have not great variety of organs or methods of prehension. 
Beaks, claws, tongues, and keen senses complete the list of means. 
The woodpecker drills a hole into the tree to secure the larva which 
by some myterious power it knows is buried there ; and its barbed 
tongue is used to draw the worm from its hole. The slender, forked 
tongue of humming-birds is used to grasp and draw minute insects 
from the depths of flowers. The long beaks of some birds are used 
to penetrate the sand or mud in search of worms. Birds of prey grasp 
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with their talons. Their sight is wonderful, enabling them to discover 
their quarry at a great distance, and to strike it without error, not- 
withstanding the velocity of their approach. The sense of smell would 
seem remarkably developed in certain carrion-eating birds. The sec- 
retary-bird kills the poisonous serpents which are its diet by kicking 
them, while our domestic fowls scratch for a living. 


an 
. 


Fie. &—Toneus of WooprscKer. 





In variety of prehensile means mammals far surpass any equal 
group of the animal kingdom. Owing to our familiarity, however, 
these peculiarities seem less interesting ; but, if we could divest our- 
selves of preknowledge, or see them with a new vision, we should be 
astonished and delighted by the various contrivances and the curious 
adaptations. The tongue is the chief or only prehensile organ of 
many animals. Here belong the ox and all the cud-chewers. Of these 
the giraffe is the strangest. Intended to browse, it has an extremely 
long neck, mounted on equally long legs and shoulder-blades ; yet, 
lest it should still fail of reaching its dinner, the tongue is proportion- 
ately long and remarkably prehensile ; being able to select the sweet- 
est foliage, or extend so slenderly at the tip as to enter a hole the size 
of a quill. Its lingual dexterity is sometimes exercised to the discom- 
fiture of visitors at the menagerie. The toothless ant-eater breaks down 
the hard mounds of the ants or termites with its powerful claws, and 
sweeps the insects into its mouth with an immensely long, worm-like 
tongue ; or it may thrust the tongue directly into the ant-holes. The 
insects adhere by means of a glutinous saliva, as in the case of the 
toad. 

The hog uses his nose for getting food, and the star-nosed mole 
has a similar contrivance. The lips are employed by the horse ; and 
we find both nose and upper lip prolonged as a proboscis in the tapir 
and shrew. But the elephant is, of course, the great example of im- 
‘mense proboscis. The whole make-up of the animal is queer, and to 
a stranger would be absurd. The small boy who described the ele- 
phant as “a large beast with a tail at both ends ” had the elements of 
a naturalist. As the neck of the huge creature does not permit great 
motion of the head, the trunk supplies the deficiency. The tusks are 
also chiefly food-gatherers ; used as picks and spades for uprooting 
trees and digging succulent roots. ‘The tusks of the walrus are cer- 
tainly locomotive and defensive organs, but it is suggested that per- 
haps they are also used to raise alge from the rocks of the sea- 
bottom. 

The greater number of mammals depend wholly upon the jaws 
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and teeth for grasping food. A full description of these organs more 
properly belongs to the subject of eating food. Gnawing animals, like 
the rabbit, have the four front teeth, incisors, acting as chisels. In 
the hippopotamus the prehensile teeth form tremendous shears for 
cutting plant-stems. 

Beasts of prey use jaws or feet, or both ; but, to bring the prey 
within reach of either organ, requires keen senses to discover, and 





Fie. 9.—Tus Mammorn, on Hatay Exernant. 


craftiness and speed to catch them. Animals of the dog tribe seize 
with the jaws ; those of the cat tribe use all four feet. The supple 
paw, with its retractile claws, is highly fitted for grasping and tearing, 
as well as for silent, stealthy tread. The cat’s tongue is armed with 
spiny, recurved papillz, to lap blood or scrape flesh from bones. 

Monkeys also employ all their feet for grasping ; and, in common 
with those mammals that can sit on their hind-limbs, such as the 
squirrel, rat, kangaroo, and bear, carry food to the mouth with the 
fore-limbs ; and some monkeys use the sensitive tips of their long tails 
to draw fruit from crevices or holes. The strainer of the Greenland 
whale has been described. A shovel-bill is the appliance of the duck-. 
mole. 

wr od reference can here be made to the adaptation of mammals to 
the element in which their food exists. The whale, seal, hippopota- 
mus, and duck-mole, find sustenance in the water. In the ground bur- 
rows the mole ; the squirrel and sloth inhabit the trees, while the bat 
searches the air. Thus every element contains representatives of this 
highest animal group. 

Preherision of food is so various in means and methods that no 
universal laws regarding it can be formulated. It can not forma 
basis of classification, seeming to have little or no discovered relation 
to animal rank. However, the subject is of greatest interest ; and, 
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together with the adaptations of animals in other directions, has re- 
ceived in recent years much merited attention, chiefly in behalf of 
development theories. But, whether these remarkable adaptations of 
animals to peculiar food and surroundings be the result of variation 
and development, or of special creation, they are equally wonderful. 





THE PLEASURE OF VISUAL. FORM. 
By JAMES SULLY. 


I, 


T is often said that the pleasure of form as contrasted with that 
of color is an intellectual pleasure arising from the perception of 
relations (unity in variety, proportion, etc.). In a sense this is true, 
for, as I hope to show in the course of this essay, the appreciation 
of form as compared with the enjoyment of color is saturated, so to 
speak, with the more refined sort of intellectual activity. But the 
fact that certain varieties of the arts of form, more especially outline 
drawing, dispense with the pleasure of color, and even with that of 
light and shade, suggests that the pleasure of visual form includes a 
sensuous element as well as an intellectual. It will be my special aim 
in this paper to bring out this somewhat neglected factor in visual 
gratification, and to indicate, so far as it is possible, its importance 
among the several factors, which together compose what we call 
beauty of form. 

In pursuing this inquiry, it will be best to disregard the sensuous 
enjoyment of light and shade. For our present purpose, differences 
of light and shade are merely means of appreciating form. Again, 
it will be advisable to include all varieties of form as determined by 
the three dimensions of space. It is true that beauty of form, so far 
as it rests on purely visual feelings, is largely that of surface relations 
or of space in two dimensions. Yet it will be found to be practically 
impossible to treat of this apart from that other kind of beauty of 
form which embraces the charm of distance and perspective, and the 
characteristic attractiveness of solid shapes. As to the order of treat- 
ment, I shall set out with the elements of pleasure which are obvi- 
ously direct—that is, arise from the activity of the visual organ—and 
trace the process of building up a more complex intellectual gratifica- 
tion on these. After that I shall pass to the indirect or associated 
elements of enjoyment. The simplest kind of visual appreciation of 
ferm is that of linear relations. For reasons to be spoken of pres- 
ently, a straight line ie the natural element of visible form, and the 
development of the visual perception of form (regarded as indepen- 
dent of that of the tactual) proceeds by a kind of synthesis of linear 
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elements. We may therefore confine ourselves for the present to this 
kind of form-intuition. 

’ There are two ways of perceiving a line: either the eye may move 
along it, and appreciate its direction, length, etc., by the aid of move- 
ment ; or it may fix the line, and estimate it by means of the impres- 
sions it simultaneously makes on different retinal elements. I shall 
assume here what is held by German writers like Lotze, Helmholtz, 
and Wundt, as well as by most English psychologists, that the former 
is the earlier method. This, then, is the simple experience into which 
we have first to look for the gerin of the enjoyment of form. 

A. Sensuous Factror.—We must imagine the eye, and first of all 
one eye apart from the other, moving as it now does, but having, 
instead of an extended retina, a single sensitive point at the center of 
the yellow spot, which is successively directed to different points in the. 
outline of an object, with no other change of feeling than that which is 
connected with the movement itself.* It is plain that this experience 
will exactly resemble that of following a moving object, as a shooting 
star, with the single difference that in the former case the rapidity of 
movement will be a matter of choice. In order to understand the kind 
of esthetic experience which the eye would have under these circum- 
stances, it is necessary to say a word or two about its mode of action. 
I shall suppose that the reader is acquainted with the general features 
of the mechanism of ocular movement, and content myself with speci- 
fying one or two facts having an important bearing on our subject. 

First of all, then, I would remind the reader that, setting out from 
the natural or “ primary ” position in which the axis or center of vision 
is directed to a point immediately in front of it, the eye is able to fol- 
low any line in the supposedly flat field of vision without a great ex- 
penditure of muscular energy, and with a uniform action of one or 
more muscles.t In other words, it is the simple and normal mode of 
visual action to describe a movement which answers to a straight line 
on the fiat field. But, though all rectilinear movements from this 
primary position are normal ones, some are easier than others. Thus, 
while horizontal movements only require the action of one muscle, 
vertical movements involve two, and oblique movements three.{ _Move- 
ments far away from the primary position to points near the periphery 
of the field clearly involve a greater degree of muscular expenditure, 
the muscles in this case being contracted to their extreme limit. Fur- 
ther, it is noteworthy that in these outer regions of the field move- 
ments are no longer executed with the same simplicity. Thus, if the 
eye follows an horizontal line lying high in the plane of vision, more 


* This supposition is not really conceivable, since a plurality of retinal elements is 
necessary to the eye’s following any line. 

¢ In this primary position the tension of the antagonist muscles is just balanced, and 
movement involves the first and easiest stages of contraction and relaxation. 

¢ See Wundt, “ Physiologische Psychologie,” pp. 536-589. 
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than one muscle is involved. To sum up, the eye, owing to the laws 
of its mechanism, follows a line much more easily in the central than 
in the peripheral parts of the field, and in the central parts it follows 
a vertical line more easily than an oblique, and an horizontal more easi- 
ly than a vertical. 

It would seem to follow, from these conditions of facile movement 
in monocular vision, that in the case of binocular vision movements 
with parallel axes will be easier than movements with convergent axes. 
And this is proved by observation, for, as Wundt points out, infants 
instinctively move their eyes in the former way. Combined move- 
ments with convergent axes constantly involve an extra element of 
muscular tension, namely, that which is required to counteract the 
natural tendency to parallelism.* For the suit, it is to be n ted that, 
with respect to “movements of convergence” (which cause the axes 
to approach one another, or vice versa), the symmetrical movements, 
which would be executed in following a receding line in the medium 
plane of the body, have so far a natural superiority over asymmetrical 
ones that, in the former case, the movements of the two eyes are ex- 
actly similar, in the latter case not so. The greater sense of ease which 
accompanies such symmetrical movements is probably explained, in 
part at least, by the constant need of executing such movements in 
passing the eyes from near to distant points lying in this medium 
plane. 

Let us now pass to the subjective aspects of ocular movement. 
Although there is still a good deal of uncertainty respecting the exact 
composition of the feelings of movement, it may be taken as fairly 
proved that they include an active element or “feeling of innerva- 
tion,” which is correlated with the central excitation of motor fibers, 
and a passive element or tactual sensation which is connected with a 
reflex excitation of sensory fibers, consequent on certain differences in 
the tensions and mutual pressure of various parts of the skin which 
result from the movement.} The recognition of this twofold element 
in the feelings of movement may help us in understanding the plea- 
sures of ocular movement. 

It will, I think, be admitted as a truth, which is both borne out by 
direct experience and deducible from more general principles, that 
every movement of an organ is accompanied by at least a slightly plea- 
surable feeling, provided it has an appreciable duration and rapidity, 
and on the other hand is not excessive, whether as violently rapid, or 
as unduly prolonged in time, or repeated, or, finally, as unduly pro- 


* It is to be added, however, that in the cise of movements with convergent axes, 
directed to a point immediately in front of the two eyes, the contrast between horizontal 
and vertical movements, pointed out in the case of monocular vision, seems to be some- 
what modified, though hardly obliterated. 

+ It is probable that this passive element includes the mental concomitant of an ex- 
citation of the sensory fibers which are known to run to the muscles themselves. 
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longed in space, or carried beyond the limits of ordinary and easy 
muscular contraction. The movements of the eye will be found to 
illustrate this law, though, owing to the small caliber of the ocular 
muscles, both the enjoyment and the fatigue attending them are apt 
to seem insignificant quantities. The pleasures of ocular movement 
are thus confined within definite limits, namely, a certain duration of 
a certain velocity of movement over the central part of the field of 
vision. Further, movements involving a higher degree of muscular 
expenditure grow fatiguing sooner than others, as we may see im the 
case of following the outline of very near objects with convergent 
axes. Finally, certain combinations of muscular action give rise to 
fatigue sooner than others, e. g., those necessary to oblique movement 
sooner than those involved in vertical or horizontal. The reason of 
this may be not so much the larger number of muscular factors as the 
relative infrequency of the combination. We have in a general way 
much more need to execute vertical and horizontal movements than 
oblique ones, height and lateral distance being the two most impor- 
tant dimensions ; and this would tend to make the former easier and 
less rapidly fatiguing. For a like reason, the superior ease of horizon- 
tal movements may be referred in part to the greater need in general 
of attending to lateral relations of distance than to vertical ones. 

Within these limits of pleasurable ocular movement we may find 
a difference in the quality of the enjoyment, according as the move- 
ment is energetic (though not excessively so) or comparatively restful. 
In the first case the feeling is of a more active and stimulating quality, 
and approaches in character the sense of power which we experience 
when we employ the larger muscles of the body. In the second case 
the feeling is more passive and allied to sensation proper. It may be 
thrown out as a conjecture that the former mode of pleasurable feel- 
ing is connected with the excitation of the motor fibers, whereas the 
latter consists mainly of the tactual and other sensations already re- 
ferred to. We may, perhaps, conceive that, when the motor innerva- 
tion reaches a certain degree of intensity, its mental correlative be- 
comes the predominant feeling ; but that, when it falls below this 
point, the passive sensations, come to the surface of consciousness, 80 
to speak, and give the dominant character to the feeling. On the 
whole, the gentler forms of ocular movement yield richer enjoyment 
than the more energetic. The muscles of the eye hardly seem to be 
of a sufficient caliber to supply the full consciousness of active force, 
which is a concomitant of the energetic action ofthe larger muscles 
of the body. Hence it may be said that the quieter forms of motor 
enjoyment are preferred by the eye. 

This difference in the quality of the agreeable feelings of ocular 
movement is best seen in comparing slow and rapid movements, as in 
following the progress of a rocket in its early and later stages. As 
Professor Bain remarks, rapid visible movements are stimulating, while 
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slow ones are more voluptuous and allied to the richer varieties of 
passive sensation. In following straight lines, and in tracing the out- 
lines of objects, the eye has, it is obvious, a choice out of an indefinite 
number of velocities of movement. It is probable, for the reason just 
given, that under these circumstances it usually prefers a siow to an 
excitingly rapid species of movement.* 

For a similar reason those directions of ocular movement which 
answer to easy and habitual muscular action, have more of a pleasur- 
able character than those which soon approach the threshold of fatigue. 
Thus, an horizontal line is, as a rule, in itself, and apart from any ex- 
traneous consideration, more enjoyable, because more restful, than a 
vertical, Let the reader compare the feelings he has in looking at 
architecture, in which the vertical direction predominates, and at the 
approximately horizontal lines of a flat landscape. A somewhat anal- 
ogous difference exists between movements of the two eyes with 
strongly converging and with parallel axes. The sweet repose of dis- 
tance arises in part from this comparatively relaxed form of muscular 
activity. 

So much as to the pleasure of single ocular movement. Let us now 
see how a pleasant succession of movements is to be secured. The 
conditions of agreeable sequence of movement seem to be the combina- 
tion of the refreshing and stimulating element of change with an ele- 
ment of smoothness or ease of transition. Change of movement is, of 
course, necessitated by the universal condition of mental life, and vari- 
ety is the very essence of all esthetic experience, all monotonous feel- 
ing being wearisome. On the other hand, a chain of varied movements 
may be smooth and agreeable, or jerky and harsh, and this difference 
is related to the innate mechanical conditions - movement, and to the 
effects of habit. 

Change of movement may most easily be kana by a variation 
either of velocity or of direction.t One and the same movement may 
vary in velocity, as in watching the ascent or descent of a projectile 
thrown up vertically. So different movements may present a differ- 
ence of velocity as in the sequences of a ballet. Such contrasts plain- 
ly answer to the most favorable mode ,of expending motor energy. 
Again, our movement may be followed by another of different di- 
rection ; that is to say, one that involves the action of fresh muscular 
elements, or a change in the relative amounts of action of two or 
more combining museles. All complicated movements of objects and 
all arrangements of lines in the figures of bodies supply such variation 
in abundance. 

So much as to change of element. Let us now pass to the other 
condition of agreeable sequence, namely, smoothness. The first and 

* A certain rapidity is no doubt made natural by the need of visually construing 


objects as wholes. 
+ Change of duration and extent of movement will be best spoken of later on. 
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most obvious way of realizing such snfoothness is by reducing the 
degree of change or contrast to a minimum. In this way we get 
a gradation of movement either in respect of velocity or of di- 
rection. 

Gradation in direction or velocity, like gradation in shade of color 
or pitch of tone, is attended by a peculiarly agreeable feeling. One 
and the same movement may exhibit a gradual rise and fall of velocity, 
and it is probable that this is the form, of movement naturally pro- 
duced by all muscular contraction. Gradation in direction, which is 
at the basis of all curvilinear movements, depends on a gradual altera- 
tion in the relative degrees of activity of two or more muscles, and 
80 corresponds to gradation in color or tone, which is supposed to rest 
on a continual increase of activity in certain nerve-elements, and de- 
crease in others. A mode of gradation somewhat similar to that in 
direction is experienced in symmetrical movements of convergence, 
and especially in moving the axes from a near to a distant point, and 
so gradually relaxing the tension due to convergence.* 

This mode of motor enjoyment is realized when standing in the 
middle of a building or an avenue of trees, and tracing an imaginary 
central receding line, and it is noticeable that we naturally place our- 
selves in the position and execute this kind of movement whenever 
we wish to appreciate the effect of perspective. It may be added that 
a union of gradation of velocity with that of duration, as in tracing 
the path of a projectile across the field of vision, affords the eye its 
richest form of motor delight, 

A graduated series of movements allows of the least exciting de- 
gree of the feeling of variety. If a more powerful effect of change 
is desired, the element of smoothness must be looked for in another 
way. A succession of different movements has a certain degree of 
smoothness if they are continuous and free from sudden pauses and 
jerkiness. This can only happen if the movement is continuous in 
time, and, what is implied in this, in space—that is to say, the second 
movement must be one which can be commenced in that position of 
the eye in which the first has left it. Where this is not the case, 
there must be a “spring,” so to speak, of the eye, to the new starting- 
point, which counts as an appreciable element of roughness or un- 
evenness. 

A higher degree of fluency is attained when the muscles, succes- 
sively employed, are organically connected one with another, whether 
by some innate arrangement or by the influence of habit. This ap- 
plies more especially to the action, of the antagonists. A movement 
of the eyes to the left of the field produces a tendency in the antago- 
nists to pull them back again. Hence the natural disposition to trace 

* A rectilinear movement of the eye away from and back to the primary position may 
be said to afford a faint feeling of gradation, analogous to that experienced in movements 


of convergence. 
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a line forward and backward. Assuming the primary position to be 
the natural one, we may argue that any movement of the axis of vision 
from the center of the field excites a tendency to a corresponding 
movement of return to the central point of repose. Any chain of 
visible movements, as those of a ballet, and any arrangement of lines 
will gratify the eye in proportion to the number of such balancing 
actions of the ocular muscles which it includes. 

It is only one step more to say that a full degree of fluency of 


movement implies a simple rhythmic order in the successive move- _ 


ments. The muscles of the eye being symmetrically formed, it fol- 
lows that the action of any one will be compensated by the action of 
another of the same duration (the velocity being supposed to be the 
same). In this way a certain amount of rhythmic or equal time-order 
is rendered agreeable by an innate organic arrangement, and quite 
independently of any conscious perception of time-relations. 

And here we reach the limit of what can be called the organic 
factor of sensuous gratification in ocular movement, and trench on 
the properly intellectual enjoyment of perceived relations. The per- 
ception of proportion would no doubt be possible if the eyes were 
what we have so far imagined them to be—incapable of simultaneous 
impressions. The moving eye, like the moving limb, can appreciate 
relations of duration and of distance or time-rhythm and space-rhythm 
within certain limits. Yet such a codrdination of successive elements 
would be certainly inferior to that of the actual eye, with its capability 
of simultaneous impressions. It would probably be inferior to the 
ear’s perception of measure. Hence we shall do best to treat of the 
visual sense of proportion and equality of magnitudes in connection 
with that more complex organ with which nature has actually endowed 
us. To the consideration of this higher kind of perception let us now 
pass. 

B, Inrettectvat Factor.—In endowing our imaginary eye with 
an extended retina which allows of simultaneous perception of form 
relations, we do not get rid of the elementary experiences of move- 
ment first dwelt on: we only transform them somewhat. There is 
good reason to think that actual movement enters into our customary 
perception even of smaller forms much more than is generally sup- 
posed. It may be added that what we call a simultaneous perception 
of form is often, as I shall have occasion to show presently, a sequence 
of simultaneous perceptions. But more than this, one may now con- 
tend, with a fair degree of confidence, that, even in the perception of 
form by the resting eye, motor elements are essential ingredients, how- 
ever much they may be disguised. 

I need not here expound or defend the hypothesis of local signs 
put forth by Lotze, and accepted with certain modifications by Helm- 
holtz and Wundt. My concern here is to trace some of the esthetic 
consequences of this hypothesis. It at once follows from this theory 
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that the resting eye’s perception of form consists of a mass of motor 
feeling ideally represented. In other words, it is made up of a num- 
ber of imperfectly distinguished imaginations of movement in different 
directions, etc. And these representative feelings are very various in 
character, since we are vaguely aware that any fixed line, for example, 
offers a choice of movement in two directions, and of an indefinite 
number of velocities. Now, if we conceive that the feelings of move- 
ment thus represented in a confused aggregate are distinctly pleasur- 


- able ones, it must follow that such a condition, gf what I may call the 


motor imagination, will be a highly agreeable one. It will involve a 
vague consciousness of a wealth of motor experience and a rich area 
of selection. It has been said that the possibilities of enjoyment in 
valuable possessions, as wealth and friends, often count more than the 
amount of actual enjoyment we are ever likely to get out of them. 
This remark may apply to that recognition of the possibilities of 
pleasurable movement which every beautiful form supplies to the rest- 
ing eye. 

The capability of simultaneous local recognition by the eye would 
seem in this way greatly to enrich its enjoyment of form. Our appre- 
ciation of a beautiful line includes a transition from a state of actual 
movement with its definite motor feelings to a state of actual repose 
with the imagination of movement only, and of relatively indefinite 
feelings of movement. 

To verify these deductions, it would be necessary to show that all 
agreeable forms, up to the most beautiful, do answer to pleasurable 
ocular movements. In a general way this will be found to beso. A 
beautiful figure is one which selects such elements of form, together 
with combinations of these, as supply the eye with the more agreeable 
varieties of motor experience already spoken of. ‘The selection of 
curved lines, the preference for horizontal lines (which seems to be 
exemplified in the feeling for bilateral symmetry), the taste for con- 
tinuous forms or contour arrangements, for the grouping of parts about 
a center and for symmetrical balance (which answer no less to the 
natural conditions of easy movement than they do to the arrangements 
of the retina itself), all this seems to show how closely beauty of form 
is conditioned by the laws of agreeable movement. 

At the same time, what we call a beautiful form is sometimes 
ready to sacrifice this pleasure of movement ; and it does so just be- 
cause it can command another kind of gratification—namely, an intel- 
lectual pleasure in the recognition of relations. To this new factor we 
may now pass. I have already remarked that the moving eye, capable 
of successive experiences only, would not attain to any very complex 
perceptions of relations of parts. The capability of the eye in the 
delicate discrimination of shades of direction and distance, and still 
more in the codrdination of manifold details under some aspect of 
unity, seems to be inseparably bound up with the fact of simul- 
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taneous retinal impression. A word or two will perhaps make this 
clearer. 

The substitution of simultaneous retinal perception of form for 
successive perception has the effect of bringing together the terms of 
the relations of variety and contrast, unity and similarity, under what 
is approximately one dct of attention. If we watch the movements 
of a painter’s hand as he draws the outline of a human figure on a 
canvas, our eye may attain a rough perception of the successive direc- 
tions and distances ; but how vague will this perception be as com- 
pared with that which we instantaneously obtain when the artist moves 
away from his canvas, and shows us these as parts of a permanent co- 
existent whole! In the former case we had to bring together by the 
aid of memory a number of impressions occupying some appreciable 
time: in the latter these were presented to us in one and the same 
instant. It must follow, then, that*the perception of all relations, 
whether of dissimilarity or similarity, will under the circumstances 
become more definite and more exact. 

Nor is this all the gain. The addition of simultaneous retinal ap- 
preciation introduces a new and finer standard in estimating the ele- 
ments of form themselves. In the case of two lines, for example, 
which are nearly equal, or of two lines which are nearly parallel, the 
discrimination of magnitude and direction is finer when the lines are 
brought together and simultaneously perceived by help of the retinal 
impressions than when they are so situated that they (or their dis- 
tances from one another) have to be successively estimated by the 
moving eye. It may be thought that these more delicate estimates 
are of more importance in science than in art ; yet even in the latter 
the less obtrusive charms of form, more particularly that of the human 
face, involve this finer retinal appreciation. It may be added that, 
even when the former is too large to be easily taken in by the eye at 
rest, the retinal capability of simultaneous perception greatly assists 
in the clearer and more exact appreciation of relations. In estimating, 
for example, the symmetry of a tapering column, of a pyramid or of a 
human figure, the eye need not pass over the whole of the contour. It 
is sufficient if it describe a path answering to the axis of the figure ; 
for in this case the perfect equality of any two opposed parts will be 
estimated by retinal perception, and the whole intuition of form will 
then consist of » series.of simultaneous perceptions. 
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THE CRAYFISH.* 
By Prorzsson E. RAY LANKESTER. 


““‘NOMMON and lowly as most may think the crayfish, it is yet so 

full of wonders that the greatest naturalist may be puzzled to 
give a clear account of it.” These words from Von Rosenhof, who in 
1755 contributed his share to our knowledge of the animal in question, 
are cited by Professor Huxley in the preface to the careful account of 
the English crayfish and its immediate congeners, which forms the 
latest volume of “The International Scientific Series.” The book is 
not designed for “ general readers,” those somewhat luxurious but pre- 
sumably intelligent persons for whom so much scientific knowledge is 
chopped and spiced at the present day. It is, as we gather from the 
author’s statement, intended as an introduction to serious zodlogical 
study, for those who will turn over its pages, crayfish in hand, and 
carefully verify its statements as to details of structure with scalpel 
and microscope. To these and also to those who are already well 


. versed in crustacean anatomy, the book will have great value and in- 


terest ; to the latter more especially, as showing how in the careful 
study of one organism we are “brought face to face with all the great 
zodlogical questions which excite so lively an interest at the present 
day,” and as an exhibition of that “method by which alone we can 
hope to attain to satisfactory answers of these questions.” 

A crayfish is treated in this volume from the point of view of “ sci- 
ence,” and in the first pages we have some excellent observations (re- 
calling earlier remarks of the author’s in the same sense) directed to 
clearing up that mystery which good people will insist on throwing 
around that ever-more-widely-heard term. “Common sense,” says 
Professor Huxley, “is science exactly in so far as it fulfills the ideal 
of common sense ; that is, sees facts as they are, or, at any rate, with- 
out the distortion of prejudice, and reasons from them in accordance 
with the dietates of sound judgment. And science is simply common 
sense at its best, that is, rigidly accurate in observation, and merciless 
to fallacy in logic.” In the preceding quotation, Professor Huxley is 
(in a legitimate and intelligible way) using the word “science” in 
place of “that quality of mental activity by which science is pro- 
duced.” Immediately afterward he speaks of science as the product 
of certain mental operations, in a passage which possesses great beauty 
while setting forth fundamental but neglected truths as to the source 
and scope of human knowledge. “ In its earliest development knowl- 
edge is self-sown. Impressions force themselves upon men’s senses 


* The Crayfish: an Introduction to the Study of Zodlogy. By T. H. Huxley, F. RB. 8. 
New York: D. Appleton & Co, 
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of interest which these impressions awaken is determined by the 
coarser pains and pleasures which they carry in their train or by 
mere curiosity ; and reason deals with the materials supplied to it as 
far as that interest carries it, and no further. Such common knowl- 
edge is rather brought than sought ; and such ratiocination is little 
more than the working of a blind intellectual instinct.. It is only 
when the mind passes be- 
yond this condition that it 
begins to evolve science. 
When simple curiosity pass- 
es into the love of knowledge 
as such, and the gratification 
of the swsthetic sense of the 
beauty of completeness and 
accuracy seems more de- 
sirable than the easy indo- 
lence of ignorance ; when 
the finding out of the causes 
of things becomes a source 
of joy, and he is accounted 
happy who is successful in 
the search, common knowl- 
edge passes into what our 
forefathers called natural 
history, whence there is but 
a step to that which used 
to be termed natural philos- 
ophy, and now passes by the 


Feo. 1. Aevacus yuvviurnzs. or external max. 22me of physical science. 
rp Rabe fhe (<9). in and br, bran “In this final state of 


ors, ee oe exopodite knowledge the phenomena 
of nature are regarded as 
one continuous series of 
causes and effects ; and the ultimate object of science is to trace out 
that series, from the term which is nearest to us, to that which is at 
the farthest limit accessible to our means of investigation. 

“The course of nature as it is, as it has been, and as it will be, is 
the object of scientific inquiry ; whatever lies beyond, above, or below 
this, is outside science. But the philosopher need not despair at the 
limitation of his field of labor ; in relation to the human mind Nature 
is boundless ; and, though nowhere inaccessible, she is everywhere un- 
fathomable.” 

It is, then, with the object of arriving at a satisfactory conclusion 
as to the crayfish’s place in nature, and to educe from the study-of it 
such conclusions as may tend to throw light on the place in nature of 
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other living things, that the reader is supposed to enter upon the con- 
sideration of the facts which Professor Huxley lays before him. 
No pains have been spared in the illustration of the text—the 
A é woodcuts (eighty-one in number) reflecting great credit both on the 
artist for his skill and on -the publisher for his enterprise. We have, 
after a general disquisition on the natural history of the crayfish (by 





Fig. 2.—ASTACUS LEPTODACTYLUs (afler Rathke, one third natural size). 


no means the least interesting in the book), two devoted to the con- 
sideration of the crayfish as a mechanism—in fact, its physiology. 
Here a good deal of the anatomy is given and considered from the 
point of view involved in the question, “ What does it do?” Then 
X a we have the morphology of the English crayfish—the structure and 
development of the individual minutely set forth, even each joint of 
each leg, and each tuft on each gill, and each group of hairs, being 
described and figured. We are enabled by the courtesy of the pub- 
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lishers to reproduce one of these highly finished engravings represent- 

ing the most fully developed of the crayfish’s limbs (Fig. 1), and some 

others which give a fair notion of the excellence of the illustrations of 

Professor Huxley’s book. \ é 
To this follows a chapter in which the English crayfish is compared 

in a variety of points with crayfishes of other lands, such as those of 

Russia (Fig. 2), of Australia (Fig. 3), and of North America (Fig. 4), 

with lobsters and prawns, and it is explained how the amount of like- 

ness and difference between these various but closely similar animals 
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may be expressed by the method of classification in groups. Finally, 
we have a chapter on the geographical distribution of crayfishes, and 
the facts therein narrated, together with those adduced in the previous 
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chapter, enable the author to sketch the probable pedigree of cray- 
fishes, that is, to refer them to their causes, viz., to the action of such 
physical agencies as flowing rivers, land and climatic barriers, brought 
to bear upon successive generations of the offspring of marine lobster- 
like ancestors which had a wide distribution in the earlier Tertiary and 
later Mesozoic periods, and before taking to fluviatile life had separated 
into two distinct races characterized by differences-of form, the one 
giving rise to the crayfish of the northern hemisphere (the Potamo- 
biide), and the other to the crayfishes of the southern hemisphere (the 
Parastacide). 

The novel portion of this book: (novel at least to those who do not 
study the transactions of learned societies) is that in which Professor 
Huxley details the very interesting results which he has obtained by a 
minute examination of the gills attached to the bases of the legs and 
sides of the body in all crayfish and allied forms. Three series of 
these gill-plumes may be distinguished according as they are attached 
to the leg, to the joint-membrane, or to the side of the body (Fig. 5). 
An ideally perfect crayfish 
would have all three series (/ 
complete on each ring of the, f ( 
body in the branchial region ~\§ ‘ 
(including the region -occu- Aa 
pied by the three pairs of 
maxillipedes and the five 
pairs of walking and nipping 
legs). But no such realiza- 
tion of the ideal can be found 
in Astacine nature, any more 
than in that of the higher 
Catarrhines. In some cray- 
fish more or less of the leg- 
gills are suppressed ; in oth- 
ers, the body-gills ; in oth- 
ers, the joint-gills; and, so 
ringing the changes on the 
combination of these ele- 
ments, it is possible to con- 
struct clearly distinguished 
groups among the crayfishes 
of many climes, which at first 
sight seem to differ very little 
from one another. Further, 
Professor Huxley shows that F1.4—Camsanvs omen male (half natural size), 
crayfishes and lobsters differ 
from prawns, shrimps, and crabs, in having villous gills instead of lami- 
nated gills, in being “trichobranchiate” in place of “ phyllobranchiate.” 
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It will probably not be welcome news to some of our readers that 
the English crayfish is in all probability not entitled to the current 
title of Astacus fluviatilis, This name appears to belong to a larger 
species, sometimes called A. nobilis, hardly distinguishable from the ya 
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English one, which in France lives side by side with it. The smaller 
. crayfish, which alone occurs in England, is known as A. torrentium. 
r,. This specific title will, it is to be feared, have to be adopted, although 
ee it by implication casts a slur upon the river Isis. A. fluviatilis has 
red tips to its legs and a rostrum which differs by a notch or two \ 
from that of A. torrentium. Further, and this is very curious, A. 
torrentium never has been found to be infested by that very interest- 
ing parasite (more interesting even than the crayfish itself), the crab- 
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leech, Astacobdella, or Branchiobdella, while it is quite abundant on 
the A. fluviatilis, at any rate in some rivers (e. g., the Saale, in. North 
Germany). 

ya A, fluviatilis is largely eaten in France, attaining to the very re- 
spectable size of five inches or so in length, while our smaller A. ¢or- 
rentium is neglected from this point of view. We can recommend 
it, however, when boiled in salt and water, as nearly if not quite equal- 
ing the prawn. The poisonous properties of the flesh of crayfish might 
perhaps be considered as justly falling within the scope of the first 
chapter of Professor Huxley’s treatise. As in the case of many mol- 
lusca and some true fishes, there appears. to be a substance present 
which acts as an irritant poison upon the human organism, and to its 
action some persons are more liable than are others, while certain con- 
ditions of the crayfish seem to favor the development of a large 
amount of this poisonous body. A case was recently reported, in a 
French medical journal, of the poisoning of six persons who partook 
of a dish of crayfishes—in one case with fatal result.— Nature. 





LEARNING TO WRITE. 


E wonder sometimes, as we wade through a mass of correspon- 

dence, whether it is possible to teach good writing. The doubt 
may seem absurd, considering that the majority of civilized mankind 
can write, that every qualified teacher among one or two hundred 
thousand in Western Europe thinks himself or herself competent to 
teach the art, and that there must be some hundreds of men in Eng- 
land, or possibly some thousands, who make a living of some sort by 
practicing this specialty. Everybody, we shall be told, is taught, and 
some few people write well, and consequently to teach people to write 
well must be possible.. Still, we have this little bit of evidence in 
favor. of hesitation. Nobody ever saw anybody who wrote a thor- 
oughly good hand, and who had, been regularly taught to do it. 
Good handwritings exist, undoubtedly, and are, we should say, rapidly 
on the increase ; but the possessors of the art never admit that they 
acquired it through teaching, and, in the majority of cases, never were 
taught. When cross-examined, they always affirm that some man or 
woman taught them to write, and that then a certain inclination or 
compulsion of circumstance, or desire to do everything well, or, in fre- 
y quent instances, a caste feeling, provoked them to teach themselves to 
SL write well. They were not taught, except in the most rudimentary 
sense of the word, and we do not know how they should be. Tutors 
and governesses have all caught up a system from the professional 
writing-masters, and the professional writing-masters are all dominated 
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by two ideas, which are radically false. We always glance over the 
books they publish, and have read through a new one this week, which 
we do not intend to advertise in this article, and they are all alike. 
They all think that “copperplate writing,” the special hand of writ- 
ing-masters and bank-clerks, is good writing, which it is not, being 
devoid of character, far too regular in form, and from the multiplicity 
of fine up-strokes not easy to read ; and they all believe that certain 
mechanical motions, if carefully taught, will produce clear writing. 
They will not, and they do not. There never were two people yet in 
this world of ours who wrote exactly alike, or who have the same con- 
trol of their fingers, or who ought, in order to produce good writing, 
to have held their pens alike, and the effort to make them do it only 
spoils their natural capabilities. No doubt, those capabilities are often 
naturally very small. The number of persons who are by nature not 
deft with their fingers is very large, and so is the number of those 
who can not fix their attention ; while the number of those who can 
do nothing well which they must do rapidly probably exceeds both. 
The difficulty of teaching a grown man to write decently is almost in- 
conceivable—he seems never to see what is wanted—and something of 
that difficulty attaches to a vast proportion of children. Still, all per- 
sons not deformed or crippled in the hand, or deficient in eyesight, 
can be taught to write, and the reason why they are not taught prop- 
erly must be some inherent defect in the system. We believe it to 
be the one we have mentioned, the effort to enforce a certain method, 
instead of trying to secure a certain result. The unhappy child, who 
is almost always, we admit necessarily, taught too early, is instructed 
to hold himself or herself in a particular attitude, which is sure to be 
the wrong one for five sights in ten, the proper attitude depending on 
the length of the child’s vision ; to hold the pen at a particular angle, 
which is also wrong, the fitting angle depending on the character of 
the pen and holder ; and to grasp the pen at a certain distance from 
the nib, which is arbitrarily fixed, whereas the distance must be gov- 
erned by the formation and strength of the child’s fingers, and would 
be infinitely better left to his or her own instinct. Above all, there is 
@ perpetual worry about the “restipg” of the hand, though the easiest 
position varies with every child, and though no two men with much 
writing to do rest the fingers quite alike. The pupil is then taught to 
make lines in a certain direction, and to copy characters so large that 
they have no resemblance to writing at all; and to care particularly 
about up-strokes and down-strokes, and all manner of minutiz, which, 
if they are of any value at all, will soon come of themselves. So 
strong, in spite of centuries of experience, is the belief in this method, 
that machines for controlling the fingers while writing have repeatedly 
been invented ; and the author of a book before us, a professional, is 
inclined to tie them up in some fashion with ribbon. 

We believe that the whole of this method is a mistake, that there 
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is no single system of mécanique for writing, and that a child belong- 
ing to the educated classes would be taught much better and more 
easily if, after being once enabled to make and recognize written let- 
ters, it were let alone, and praised or chidden not for its method, but 
for the result. Let the boy hold his pen as he likes, and make his 
strokes as he likes, and write at the pace he likes—hurry, of course, 
being discouraged—but insist strenuously and persistently that his 
copy shall be legible, shall be clean, and shall approach the good copy 
set before him, namely, a well-written letter, not a rubbishy text on a 
single line, written as nobody but a writing-master ever did or will 
write till the world’s end. He will make a muddle at first, but he will 
soon make a passable imitation of his copy, and ultimately develop a 
characteristic and strong hand, which may be bad or good, but will 
not be either meaningless, undecided, or illegible. This hand will al- 
ter, of course, very greatly as he grows older. It may alter at eleven, 
because it is at that age that the range of the eyes is fixed, and short- 
sight betrays itself ; and it will alter at seventeen, because then the 
system of taking notes at lecture, which ruins most hands, will have 
cramped and temporarily spoiled the writing ; but the character will 
form itself again, and wil! never be deficient in clearness or decision. 
The idea that it is to be clear will have stamped itself, and confidence 
will not have been destroyed by worrying little rules about attitude, 
and angle, and slope, which the very irritation of the pupils ought to 
convince the teachers are, from some personal peculiarity, inapplicable. 
The lad will write, as he does anything else that he cares to do, as well 
as he can, and with a certain efficiency and speed. Almost every let- 
ter he gets will give him some assistance, and the master’s remon- 
strance on his illegibility will be attended to, like any other caution 
given in the curriculum. As it is, he simply thinks that he does not 
write well, instead of thinking that not to write well is to fall short in 
a very useful accomplishment and to be pro*tanto a failure. 

We are not quite sure that another process ought not to be gone 
through, before writing is taught at all. Suppose our boys and girls 
were taught to read manuscript a little? They are.taught to read 
print, but manuscript is not print, or very like it, and they are left to 
pick up the power of reading that the best way they can; they never de- 
vote half an hour a day for six months to manuscript-reading. If they 
did, it would be easier to them all their lives, and they would learn to 
believe in legibility as the greatest, or, at any rate, the most useful, qual- 
ity that writing can display—an immense improvement, if our experi- 
ence can be trusted, in the usual youthful ideal on the subject.. The 
business of life, no doubt, soon teaches children to read manuscript ; 
but many of them never read it easily, and retain through life an un- 
conquerable aversion to the work, from the fatigue and vexation which 
it causes them. We have known men so conscious of this defect that 
they always have important letters read aloud to them ; and others 
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who would refuse any work, however anxious on other grounds to ac- 
cept it, if it involved the frequent perusal of long manuscripts in varied 
handwritings. No doubt the tendency to a broad and coarse but beau- 
tifully legible handwriting, which has conquered the upper class and 
is slowly filtering downward, is diminishing this reluctance, but it 
. would be more rapidly removed if a little trouble were taken to teach 
children to read handwriting. They hardly see any till they begin to. 
Teceive correspondence, and are never compelled to read any, and con- 
sequently learn to write what they can not read, without intelligence 
and without pleasure.— Spectator. 


A CONSIDERATION OF SUICIDE. 
By J. H. HOPKINS. 


CHOLAS RIDLEY and Hugh Latimer stood at the stake to be 

burned for heresy. Fastened to the body of each was a bag of 
powder, placed there by friends with the intention of bringing the 
sufferings of the victims to a speedy termination. Latimer died first. 
‘The flames, rising rapidly, touched the bag of powder, and the torture 
for him was at an end. Ridley was not so fortunate. The wood, pre- 
pared for his execution, being green and tightly packed, the fire 
smoldered, and he was long in agony, crying out that he could not 
burn ; until one of the spectators having loosened the fagots and 
admitted air, the flame swept up to the powder and brought death. 

It is certain that the use of powder was not ‘included in the sen- 
tence of death. It was permitted, not authorized. Death being sure, 
the persecutors were magnanimous enough, at the last, to allow it to 
come quickly. As the Athenian tribunal granted the privilege of 
hemlock to Socrates ; as the English executioners failed to carry out, 
literally, the horrible sentence of hanging, drawing, and quartering ; 
so the Marian officials did not insist on the extreme rigor of the sen- 
tence. But was this hastening of death, in a way unauthorized by 
law, either murder on the part of the friends of mniley and Latimer, 
or suicide on their own part ? 

Under the old, stern common law, literally construed, the martyrs 
who used and the friends who furnished the powder were guilty, the 
former of suicide and the latter of murder. “The law of England,” 
says Blackstone (vol. ii., p. 189), “wisely and religiously considers 
that no man hath a power to destroy life but by commission from 
God, the author of it ; and, as the suicide is guilty of a double offense, 
one spiritual, in evading the prerogative of the Almighty, and rushing 
into his immediate presence uncalled for, the other temporal, against 
the King, who hath an interest in the preservation of all his subjects, 
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the law has, therefore, ranked this among the highest crimes, making 
it a peculiar species of felony, a felony committed on one’s self. And 
this admits of accessories before the fact, as well as other felonies ; 
for if one persuades another to kill himself, and he does so, the adviser 
is guilty of murder. A felo-de-se, therefore, is he that deliberately 
puts an end to his own existence, or commits any unlawful, malicious 


_act, the consequence of which is his own death.” The English laws 


further provided for the forfeiture of the goods and chattels of a 
suicide to the King. In the State of New York, a felo-de-se Joes not 
incur the penalty of forfeiture of property ; but “every person de- 
liberately assisting another in the commission of self-murder shall be 
deemed guilty of manslaughter in the first degree.” (2 R. 8. 661, § 7.) 
If a condemned criminal, on the eve of his execution, takes poison, he 
commits suicide. If, while standing on the scaffold, some one hands 
him a knife, with which he takes his life, he commits suicide, and the 
person who furnishes him with the means of death is guilty of man- 
slaughter. If, just before the drop falls, some well-intentioned 
friend, deeming a speedy death preferable to a slow one, sends a 
bullet through the heart of the condemned, the friend is guilty of 
murder. 

The relation of suicide to human laws it is not the purpose of this 
article to consider. Undoubtedly the tacit contract between the gov- 
ernment and the individual, while it demands on one side protection 
to the individual, demands on the other side service to the state ; 
and it rests with neither party to the contract to terminate it at plea- 
sure. Every person, to a certain extent and within proper limitations, 
places at the disposal of the government under which he lives, his life, 
liberty, and property. The government becomes the trustee, and, as 
long as the trust is properly executed, the individual—the cestui gue 
trust—has no right to interfere. But we are to consider suicide mor- 
ally, not legally. The question to be answered is this : Is suicide ever 
justifiable ? 

What is suicide? The voluntary termination of one’s own life. 
And this is very different from submission to or acquiescence in invol- 
untary death. A man may long for the approach of death ; he may 
embrace it eagerly when it comes ; but this is not the voluntary ter- 
mination of life. The voluntary termination of life implies some act 
or failure to act on the part of an individual, which has for its object, 
in whole or in part, the death of the actor. Suicide, then, is the 
voluntary termination of one’s own life. Is it of any consequence 
that the involuntary termination is inevitable? Unquestionably not. 
Death, whether soon or late, is a creditor who never releases his 
debt ; and, if in one case the certainty of death is pleaded in extenu- 
ation or justification, the same,plea may be offered in every case. 
Does the proximity of involuntary death furnish any excuse for vol- 
untary death? Certainly not. The hastening of death is the volun- 
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tary termination of life; and the voluntary termination of life is 
suicide. 

If, then, the fact that death is near and inevitable does not make 
the voluntary termination of life anything less than suicide, may not 
the applicability of that word depend upon the motive which prompts 
such voluntary termination? Here, again, the answer must be in the 
negative. Keeping in mind the definition, let us suppose that two 
persons, shipwrecked at sea, find themselves clinging to the same frag- 
ment of the wreck, which is not buoyant enough to support both. 
Either both must drown, or one must push off the other and live by 
his death, or one must of his own will surrender the entire possession 
of the floating support to the other and seek death. In the first case 
death is accidental to both—they retain their grasp on life as long as 
possible ; in the second case death is accidental to the one who is thrust 
from the support, and his companion is guilty of murder ; and in the 
third case the one who surrenders possession commits suicide. “ Greater 
love hath no man than this, that a man lay down his life for his friend ”; 
but he who displays this great love is literally guilty of suicide. Have 
not many, whose memory the world honors, been guilty of this so- 
called crime? What was the act of the legendary Curtius, of the 
three hundred at Thermopylw, of Arnold von Winkelried? What is 
the act of the engineer, who rides to death on his engine to save the 
lives of the passengers? What is the act of the cashier who, with the 
promise of death as a penalty for refusal to open the safe, prefers 
death to dishonor? Are not all these acts suicidal? It can not alter 
the character of the act that the voluntary termination of life is not 


’ brought about by one’s own hand. Did not Saul commit suicide, 


when, at his request, the young Amalekite slew him? If a man, 
placed on a railroad track by enemies, but released a few moments 
before the approach of a train, refuses to leave the track and is killed 
by the train, will it be claimed that he is innocent of suicide? It is 
evident that, whether a person takes his own life without the interven- 
tion of any othér agency than the person himself, or places himself 
voluntarily in a position where death is inevitable, or, being involun- 
tarily placed in a positi¢m ghere death is inevitable, and a way of 
escape being provided, refuses to take advantage of it—in each and 
all of these cascs the termination of life is voluntary and constitutes 
suicide. 

This interpretation is too stern and hard ;,and people recognize the 
fact by refusing to call things by their right names. They do not say 
that Arnold von Winkelried committed suicide, but that he “sacrificed 
himself for his country.” They do not suggest that John Maynard 
should be buried at cross-roads with a stake through his body, but 
assert that he has evinced the most sublime self-abnegation. If John 
Brown had been promised the freedom of four million slaves, on con- 
dition that he should voluntarily submit to death on the gallows, his 
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acceptance of the condition would not have insured him condemnation, 
but apotheosis. 

It becomes clear, then, that suicide is sometimes not only justifiable 
but praiseworthy ; and men make that justification or praise dependent 
upon the motive with which life is surrendered. To determine whether 
the voluntary termination of life is reprehensible or laudable, an answer 
must first be given to the question whether the act is selfish or unselfish, 
whether the motive is egoistic or altruistic. If the object is to save 
others from suffering, the act is justifiable. If the object is merely to 
save one’s self from suffering, the act is unjustifiable. 

This distinction between motives seems to be the true one, whether 
we look at suicide from the purely moral or from the religious and 
Christian standpoint. Take the Christian apothegm, “Greater love 
hath no man than this, that a man lay down his life for his friend,” or, 
to put it still more tersely, “The greatest love is shown by altruistic 
suicide,” and discover, if you can, where the line is to be drawn. Does 
it mean that a man should lay down his life only when, by so doing, 
he saves the lives of others? Then he may not submit to death, though 
by so doing he saves millions from slavery—nay, though by so doing 
he saves a world from slavery. Then he may not abandon life, though 
by that act he rescues others from eternal agony. Then he must not 
prefer death to dishonor, but dishonor to death, Then he must hold 
his own life as more valuable than the welfare of his race. If a prom- 
ise were made, with the certainty of fulfillment, that should any human 
being voluntarily submit to death pain would disappear from the world, 
do you think that he who should give his life in exchange for the hap- 
piness of a world would be branded with the mark of crime ? 

But, if we take the next step and assert that there are other motives, 
besides the wish to save the lives of others, which will justify a man 
in voluntarily terminating his own life, where shall we draw the line? 
If a man may die for the happiness of a world, may he die for the 
happiness of a million? If he may die for the happiness of a million, 
may he die for the happiness cf a thousand? If he may die for the 
happiness of a thousand, may he die for the happiness of ten? If he 
may die for the happiness of ten, may he die for the happiness of one? 
At what point does the happiness of others accumulate to such an ex- 
tent as to exceed in value a human life ? 

Let us suppose a case—one of which experience furnishes numerous 
examples: A man, through some misfortune, finds himself wrecked 
and shattered in body ; transformed into a living fixture. He can no 
longer support himself. He becomes a burden for some one to carry. 
If he is sure that the burden is borne willingly, he may consent to live. 
But suppose that the shoulders of the bearer ache, and that when death 
lifts the burden from him he draws a sigh of relief. May not the 
burden itself provide the way of escape and throw itself from the 
shoulders of its unwilling bearer to the shoulders of death? Or, take 
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another illustration. Had Enoch Arden found that the only way in 
which his return could be kept secret, and his wife and family saved 
from misery, was by the sacrifice of his life, would he deserve condem- 
nation if he had sought death ? 

It will be observed that the question has been discussed from an 
altruistic standpoint. This, of course, excludes Ridley and Latimer. 
It excludes all those who, threatened with death by disease, and whose 
life can be saved only at the price of some operation excruciatingly 
painful, decline to pay the price. It excludes all those who turn to 
death as a refuge from their own sufferings. 

But, viewed in the light of pure altruism, when does suicide become 
justifiable? Each person must give answer for himself. Every indi- 
vidual is sole judge of the circumstances which justify a surrender of 
life. It is true that from this opinion orthodoxy dissents. It reasons 
thus : “ Man has been placed upon the earth by God for some good 
purpose : it is fitting that he remain there until granted leave to return. 
Let him not enter the presence of his Maker unsummoned.” But the 
same reasoning will serve the most selfish and cowardly egoism. Let 
the three hundred at Thermopyle take to their heels, crying out that 
they will wait until God calls them. Let Arnold von Winkelried 
leave the field, protesting that he will not usurp the prerogative of the 
Almighty by assuming control of his own life. Let the men at sea 
cling to the floating fragment to the last, comforting themselves with 
the assurance that they have no right to determine for themselves 
whether their Maker has summoned them. Let the engineer abandon 
his train with the conviction that his duty to the Author of his being 
requires him to preserve his life. Certainly orthodoxy does not mean 
what it says. It cries aloud, “ Wait until God calls you” ; but adds, 
sotto voce, “Use your own judgment as to what constitutes a call.” 
If it commands men not to take their own lives, it qualifies the com- 
mand by urging them to lay down their lives for others. In fact, the 
assertion that men should wait until God summons them is merely 
putting the case in different language. For who is to decide what 
constitutes a summons? Evidently the individual himself. But to 
say that every one must determine for himself what constitutes a sum- 
mons from God is to say that each person is sole judge of the circum- 
stances which justify a voluntary termination of life. 

From the Roman who, devoting himself and the enemy to the in- 
fernal gods, rushed to death to bring victory to, his companions, to the 
suicides at the shrine of Juggernaut ; from these to the man who “lays 
down his life for his friend” ; from this to the engineer who sacrifices 
himself for the passengers ; from this to the man who dies that thou- 
sands may be made happy ; from this to the man who refuses to live 
when his life makes others miserable ; from this to the man who turns 
to death to avoid becoming a burden to his friends—the descent is 
steady and connected, The last case may claim relationship with the 
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first ; and between all, filling up any imaginable gaps, are numberless 
other cases which belong to the same family. All these are cases of 
altruistic suicide. Who shall point out the place where suicide ceases 
to be honorable and becomes dishonorable ? Who shall draw the line 
and say, “ Thus far and no farther”? The later Stoics attempted it, 
and the distinction which they made was not unlike that of orthodoxy. 
“If you have no further need for me in prison,” says Epictetus, “I 
will come out; if you want me again, I will‘return.” “For how 
long?” “Just so long as reason requires that I should continue in this 
body ; when that is over, take it, and fare ye well. Only let us not 
act inconsiderately, nor from cowardice, nor on slight grounds, since 
that would be contrary to the will of God, for he hath need of such a 
world and such beings to live on earth. But if he sounds a retreat, as 
he did to Socrates, we are to obey him when he sounds it, as our 
General.” Here likewise the decision concerning what constitutes a 
summons from God rests with the individual. Each person determines 
for himself the propriety of terminating life. 

Condemnation of even egoistic suicide should be indulged in cau- 
tiously. Epictetus, indeed, thought that it might sometimes be allow- 
able. ‘ But remember the principal thing,” he says, “that the door 
is open. Do not be more fearful than children ; but as they, when 
the play does not please them, say, ‘I will play no longer,’ so do you, 
in the same case, say, ‘I will play no longer,’ and go; but, if you 
stay, do not complain.” The doctrine was this: A man is directed to 
play the game of life. God deals the cards. The man may receive 
hands with which it is impossible for him to win; yet he must play 
the game to the best of his ability. But suppose he detects his ad- 
versaries cheating. He may then throw down the cards and leave the 
table. It is not always safe to pronounce suicide unjustifiable, even 
where the motive is a wish to avoid self-suffering. I do not find it 
easy to regard Ridley and Latimer as criminals instead of martyrs. I 
do not consider myself competent to declare that he who receives 
harsh treatment at the inn of life is not warranted in curtailing his 
visit and returning home. 

But, granting that egoistic suicide i is blameworthy, who shall pass 
judgment upon the character of that suicide which has for its motive 
a desire for the welfare of others? Surely not man. He has no moral 
balance so absolutely true that he can safely weigh the motives which 
lead to suicidal self-abnegation, and pronounce some sufficient and 
others insufficient. Let the decision be left where it belongs—with 
Omniscience. 
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VEGETABLE PHOSPHORESCENCE. 
By ELLEN PRESCOTT. 


—. is a curious myth which gives to Castor and Pollux, twin 
sons of Zeus, a divine control over the phosphorescence of air and 
ocean. Being present by invitation at the marriage of two youths of 
Amycle with the daughters of Leucippus, they became enamored of 
the brides and with the doubtful courtesy of the period attempted to 
carry them off. In the ensuing struggle Castor was slain ; but Pollux, 
with a boundless and heroic love that bridged the “abyss *twixt life 
and death,” besought their father Zeus to restore him, proposing that 
. to meet the ends of justice they should each live only on alternate 
days. This he granted, and, “kindling stars upon their brows, set 
them for ever with the immortals.” 

A religious idea was therefore involved in the superstition of the 
ancient mariner that the pale phosphoric light, or “St. Elmo’s fire,” 
which occasionally appears upon the masts of ships, in an electrical 
condition ‘of the air, denoted the presence of these divinities as they 
rode upon the storm-clouds through the heavens. This indicates a 
recognition of the phenomena of phosphorescence in a remote antiqui- 
ty ; but, in advancing from the philosophy of myths and symbols to 
an era Of empirical knowledge, there was necessarily a period of con- 
fusion, when old fancies were replaced by new facts which had not 
accommodated themselves to the novelty of the position. Even when, 
through the onward roll of centuries, the wisdom of the ancients had 
shrunken into grotesque fables, a long period intervened which pro- 
duced no marked scientific results. 

Throughout the seventeenth century inquiry was directed to the 
phenomena of solar light and the light of incandescent bodies ; but, 
while phosphorescence was everywhere observed, no explanation on 
scientific principles was attempted, until in 1675 Nicolas Lémery, in a 
paper on the preparation of solar phosphorus, stated that the light 
produced was the result of rapid molecular motion ; thus accepting 
the doctrine foreshadowed by Huygens and Euler, in opposition to the 
emission or corpuscular theory of Newton. These prophetic utter- 
ances, however, of the present undulatory theory of light were not 
recognized ; it was reserved for later experiment to demonstrate the 
truth of this intuitive perception. 

The “persistence of force” and thé “indestructibility of matter” 
must first be proved, before it could. be shown that the phenomena of 
phosphorescence are due to the same causes as the light evolved by 
electrical discharge, chemical combination, or mechanical movement. 
If, as Dr. Young has shown, light be motion or vibration of a luminif- 
erous ether which fills space and permeates all bodies, the conditions 
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of inexorable law are as fully met in the pale glimmer of luminous 
plants, the flash of the fire-fly, or the radiance of the glow-worm, as iti 
the light evolved by the heavenly bodies. 

The discovery of the luminosity of plants has been attributed to 
the daughter of Linneus, In the year 1762, during the months of June 
and July, she observed radiations of light from a cluster of garden 
nasturtiums (Zropelum majus), which occurred in the morning or 
evening twilight. The same effect has been observed in other flower- - 
ing plants, but principally in those bearing orange-colored bloom, as 
the corolla of the sunflower, the French marigold, and in the yellow lily. 
Some species of African marigolds also have manifested this proper- 
ty. Professor Haggern observed the luminous radiations to be most 
brilliant in the marigold, next in the nasturtium, and, third, in the yel- 
low lily. A careful microscopic examination convinced him that the 
light did not depend upon the presence of any animal organisms. The 
rapidity of the flash indicated electrical action, and upon analysis he 
found that the light proceeded from the petals, the anthers being at 
an appreciable distance. He supposed that in the process of fecunda- 
tion the elasticity of the anthers scattered the pollen on the petals and 
produced electrical disturbance by the impingement of these different 
substances. In bog or marsh land plants, of the genus Pandanus, the 
rupture of the spathe or shield of the flowers is sometimes accompanied 
by a loud, cracking noise and a spark of light. In 1857 M. Fries per- 
ceived light emitted by a group of poppies (Papaver orientale) in the 
botanical garden at Upsal, to which he called the attention of numer- 
ous witnesses, 

The phosphorescence discovered by the daughter of Linneus bore 
the character of an electrical spark which shot out from the corolla 
and was discernible at the same hour upon warm evenings when the 
air was surcharged with electricity. The radiance noticed by M. 
Fries also indicated a periodicity of movement, occurring always when 
the air was electrical, between ten and eleven o’clock at night, Not 
only the blossoms but the leaves of many of the flowering plants have 
been observed to emit a phosphoric light under favorable conditions 
of the air—even the milky juice of several vegetables becomes lumin- 
ous in the dark ; this was particularly noticed by M. Martins in a spe- 
cies of the phosphorescent spurge (Huphorbia). 

The giving out of heat in the blossoming of plants was discovered 
by Lamarck more than a century ago in the European arum, which in 
opening “ grows hot as if about to burn.” It was afterward observed 
by De Saussure, and by the later appliance of the thermo-multiplico 
the heat generated in any cluster of blossoms is made appreciable. 
The development of this force is most remarkable in tropical plants, 
where a large number of flowers are crowded together under a cover- 
ing hood of spathe. The temperature increases periodically, growing 
greater in the afternoon and appearing like a “ paroxysm of fever” 
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which passes off with the decline of day—the greatest intensity al- 
ways occurring during the shedding of the pollen. Any great increase 
of temperature is necessarily prevented by the equalizing effect of 
evaporation from the expanded surfaces of the leaves, and thé water 
which pervades all the substances. It is only during a period of un- 
usual energy, as in blossoming, that the heat becomes apparent. 

The light and heat set free by combustion we recognize as merely 
* the expression of chemical change and a giving back to original ele- 
ments the forces that were stored up by vegetative activity in the 
coal-beds of the past or in the woody fibers of later growth. In the 
mysterious circle of Nature’s means and mechanism, light, heat, and 
chemical combination are alternately cause and effect—not, it is true, 
in the abstract sense of cause, but, being mutually convertible or co- 
relative, maintain necessarily reciprocal action. Now, the fact that 
they are thus reactive and interchangeable as modes of motion offers a 
very simple explanation of the giving out of light by plants at a mo- 
ment when the surplus amount of these garnered forces is thrown off 
during the vital processes of reproduction. 

That increased chemical activity exists at the period of flowering 
is shown by the exhalation of an unusual amount of carbonic acid, 
and this increased action supplies the additional heat for the elabora- 
tion of the reproductive agents, whose preparation seems to be the 
highest expression of energy in vegetable organization. Some doubt 
exists as to the proximate cause of the manifestation of light by 
flowerless or cryptogamic plants, in which are embraced the mosses, 
fungi, etc. A study of the conditions under which it is presented 
will, I think, enable us to refer it directly to similar chemical action. 

These plants were ingeniously named by Linnzus because the con- 
cealed organs of reproduction offer great diversity in structural rela- 
tions—a diversity so great that they can not even be presented under 
one common type ; we must, therefore, look for modifications in the 
expression of force directed by these different forms. The root-hairs 
which form in the germination of one of the liverworts (Hepatice) 
have been observed to be luminous in the dim light of caverns. It 
gathers principally upon schists, and derives its name (Schistostega 
Osmundace) from a miniature resemblance to the royal fern Osmun- 
da. This plant, like the true cavern-mosses, is emerald-green, and 
develops into root, stem, and leaf. The dainty fern-like leaves or 
fronds are of the very simplest organization, and a slender, thread- 
like stem rises from the apex, bearing upon its summit a valvular case 
or capsule which contains the reproductive cells or sporules. The 
root-hairs which give out the light appear like the tangled meshes of a 
spider’s web; and, as the same effect has been noticed in these tenu- 
ous structures, some naturalists have attributed the appearance to #e 
flected light. But analogy in the condition of this and other light- 
emitting plants leads to the conclusion that it is self-luminous. 
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The phosphorescence of fungi has been observed in various pq 
tions of the world. Rumphius first noticed its appearance in Am- 
boyna i in a species of corticium to which the name Zelephora cerulum 
was given. Under this specific name are grouped many minute forms 
of fungi, only the mycelium of which were known to Linnzeus and 
Agardh, the discovery of other organs forming the complete plant 
being of more recent date. 

Among mushrooms four of the genus Agaricus are luminous, and 
have been examined with special reference to this effect by Delille, 
Fabre, and Tulasne: The red or orange-colored species (Agaricus 
olearius), inhabiting the adjacent soil or roots of olive-trees in Cen- 
tral Europe ; the fire-mushroom, or Agaricus igneus, which Rumphius 
discovered in Amboyna ; the Agaricus noctilucus, found at Manila by 
Gandichaud ; and Agaricus Gardineri of the Brazilian provinces, ‘ 
growing upon the dead leaves of the Pindoba-palm. The red mush- 
room of the olive-trees is wonderfully beautiful. The gills curve out 
from the pedicle and expand under the pileus into a trumpet- or bell- 
like form of almost vermilion hue, which changes at night into a pale- 
blue light, gleaming, where they are massed together, like blue bells 
of fire. 

M. de Candolle erroneously supposed that the phosphorescence of 
the Agaricus of the olive occurred only at the time of its decomposi- 
tion. M. Fries, with equal error, attributed the effect to the presence 
of a secondary parasite ; Tulasne, however, denies that the seat of 
light is in the mold, and states that he has observed the phosphores- 
cence of the plant itself. He agrees with Delille in regarding the 
appearance as limited to the period of growth, and refers to it as a 
“manifestation of vegetation.” M, Delille supposed the radiance to 
be intermittent, while M. Fabre observed that exposure to the sunlight 
appeared to have no influence whatever upon the phenomena, and that 
the light was exhibited at any time under cover of darkness. Dr. 
Phipson, in reviewing M. Fabre, remarks that this seems, however, to 
indicate that the light of the sun has in reality an influence upon the 
emission of light during the daytime, and that the phenomenon is 
probably a case of phosphorescence after insolation. But as we know 
the Agaricus belongs to that class of colored parasites which are des- 
titute of green foliage, and consequently of proper digestive organs of 
their own, and draw support from the elaborated products of the fos- 
ter-plant, the phosphorescence may be accounted for as the result of 
chemical action under conditions where the influence of solar light is 
not required to produce a higher combination. 

Tulasne recognized that the light was not confined exclusively to 
the reproductive surfaces, and proved by dissection that the whole 
mass offered scintillations. This is probably due to a sympathetic or 
highly vitalized condition of the whole plant during the process of 
fecundation, as is indicated by the juice of the phosphorescent euphor- 
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bia. The light, however, is usually emitted by the organs of reproduc- 
tion ; this is particularly the case in young fungi, while, in the older 
ones, after the luminosity has disappeared from the gills, the surface 
of the stipe becomes radiant. 

The mycelium of the root-shaped fungi (rhizomorpha) penetrates 
through the decaying organic matter of wood and coal deposits, ex- 
hibiting a clear pale light. This has been particularly observed in the 
mines near Dresden, Hesse, and occasionally in England. These flower- 
less, gleaming plants impart a weird beauty to the caverns of granitic 
rock in Bohemia, illuminating them with a pale mimicry of moon- 
light. 

The most remarkable instances of cryptogamic phosphorescence 
have been noted by Mr. Gardner in Brazil, by Dr. Cuthbert-Colling- 
_ ‘wood in Borneo, by Mr. Hugh Low and James Drummond in Austra- 

lia, and by Mr. Worthington-Smith in the Cardiff coal-mines. Rev. J. 
M. Berkeley cites an instance in England, where a dazzling radiance 
was observed upon a spruce or larch log, which continued for several 
days—a byssoid mycelium, yielding an unusually pungent odor, being 

The common potato also, in decomposing, generates a 
peculiarly luminous parasite ; and, at one time, an alarm of fire was 
sounded in the streets of Strasburg from the light produced by a de- 
caying mass stored in a cellar. An instance has recently come to my 
notice, where a brilliant light was thrown off by pieces of cantaloupe, 
after a few hours’ exposure to the air. 

Wherever, then, we encounter decomposing vegetable matter, we 
observe some form of fungi living upon and appropriating the changed 
substances of a former condition to the generation of a new life. What, 
therefore, seems to us a loss or waste, is merely change—change of form, 
change of condition. The absorbing roots of these parasites grow into 
the tissues of the host in the most intimate manner, deriving from a 
disorganization of the substances the elements necessary to their own 
bein 

Vergil describes the blighting mildew on the grain as “an unbidden 
crew of graceless guests that choke the fields” ; and De Barry writes 
that there is a frequent unbidden guest in every household, who lays 
under contribution its stores of sweets. The mold or mildew which 
gathers on the surface of preserves is a plant of exquisite beauty when 
‘viewed with low magnifying power and by reflected light, for what 
appears to the naked eye only a soft, white, woolly crust, becomes a 
glittering forest of graceful stems and branches, standing like fine- 
spun silver upon the dark background of the supporting surface. This 
substratum is in reality a mycelium, or system of fine interlacing, 
thread-like roots, which form the vegetative part of the plant, and are 
woven into a soft, black or brown velvety substance, through which 
run russet, scaly hairs. The branches rise to about the fiftieth of an 
inch, and bear the fruit and seed-cells. Higher microscopic power 
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reveals the spores which are the analogues of seed, although they pos- 
sess neither their vestments nor organs, but are simple membranous 
sacs (full of liquid), which germinate at some indefinite point of their 
convex surface into a new plant like that which produced: them. 

A comparison of the condition of flowering plants and of the mosses 
and fungi, during a phosphorescent display, will lead us to attribute 
the appearance to similar action of vital forces, if we for a moment 
review the processes by which these forces are accumulated. In the 
growth of plants heat acts as a dynamic agent, which the germ of the 
plant directs and uses. The first action of growth consists in the con- 
version of the starch of the seed into a soluble form, and in chemically 
combining the starch, sugar, oil, and albumen by fermentation into the 
protoplasmic matter which supplies the material for the tissues of the 
plant. The development of this protoplasm into organized tissue is 
due to the inherent power of the germ, and marks the second stage of 
progress. The only action of light is employed in producing higher 
chemical combination ; heat acts as the constructive power. 

The process of growth does not absorb all the elaborated materials 
provided, and an additional amount of heat or force is generated by 
the decomposition or a “retrograde transformation” of these com- 
pounds. A much greater proportion, however, of the organized sub- 
stances is stored up within the structure of the plant as a “ reservoir 
of reserved material,” to meet the exhaustive process of flowering and 
the maturing of fruit and seed. That these processes are sustained at 
the expense of an extra amount of force, and by the decomposition of 
their own products, is evident from the unusual production of carbonic 
acid. The combination of carbon, oxygen, and hydrogen, in the build- 
ing up of plants, is here reversed, and by a retrograde process heat is 
set free, which we have seen is necessary for the elaboration of repro- 
ductive agents. 

This appears to be precisely the same action which takes place in 
the reproduction of fungoid plants and mosses. A corresponding con- 
dition is shown by the rapid exhalation of carbonic acid ; indeed, Dr. 
Carpenter asserts that a decomposition of a portion of the absorbed ma- 
terial is the only conceivable source of the large quantity they are con- 
stantly giving out, and ascribes the very rapid growth of these plants 
to a “retrograde. metamorphosis.” The substances which. enter into 
the new growth are already prepared by the foster-plant, and we find 
the parasite incapable of forming any new combination through the 
agency of light. This necessarily awakens a doubt of any action re- 
sulting from insolation or reflection in the cases of the liverworts or 
mushrooms which have been referred to. 

The expression of light in flowering plants seems to be through the 
medium of electricity, while in cryptogams it resembles the steady . 
glow of slow combustion. High microscopic power may, however, re- 
veal, as in some cases of animal phosphorescence, the sparkle and flash 
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of rapid and minute scintillations. Inquiry in this direction, I think, 
has never been made; nor is an analysis necessary for our present pur- 
pose. For, if we regard the light either as the result of slow combus- | 
tion, or catch the vivid flash of the electric spark in this reproduction 
(itself the product of decay), we are met by the same inexorable*per- 
manent law, that there is not a leaf that rots by tie-roadside, nor a * 
spear of pale club-moss, that is not in itself a reservoir of recreative 
power throwing back its faint, pulsing light or its equivalent of heat 
into that quickening flood which the great heart of Nature sends down 
through the illimitable and unknown. 





CROLL’S “CLIMATE AND TIME.”* 
By W. J. McGEE. 


HE recént publication in “The Popular Science Monthly ” of a 

paper on “The Age of Ice,” and its apparently favorable recep- 
tion and republication elsewhere, prompt the writer to submit the 
following incomplete notice of a work in which the field barely en- 
tered by the autbor of that paper is most thoroughly and exhaustively 
examined. . 


_. . In addition to a convenient abstract of the line of argument pur- 

sued, and astatement of some fundamental principles of geology, it is 
pointed dut ‘in an introductory chapter that the earlier theories framed 
to account for climatal variations during the geological wons are utterly 
inadequate ;'that the earth could not-pass through hotter or colder 
portions of space without seriously deranging the mechanism of the 
solar system ; that a diminution of heat from this ur any other cause 
could never inaugurate a glacial epoch ; that considerable changes in 
the obliquity of the ecliptic have never occurred, and could not have 
caused glacial periods if they had ; and, finally, here as well as in a 
more recently published paper, which may be considered as supple- 
mentary to this chapter, that material changes in the position of the 
terrestrial axis can never have taken place: in short, he shows, by 
bringing together the independent results arrived at by eminent ge- 
ologists, physicists, and mathematicians, that ‘the yarious cataclysmic 
theories of geological climate are alike untenable. Telluric causes 
being thus shown to be incompetent, no alternative remains but to 


_ © Climate and Time in their Geological Relations: A Theory of Secular Changes of 
the Earth’s Climate. By James Croll, LL. D., F. R: S., ete., of Her Majesty’s Geological 
Survey of Scotland. American edition, 12mo, pp. xvi.—57%, with Plates. New York: 
D. Appleton & Co., 1875. 

+ “Geological Magazine,” September, 1878. 
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seek for the cause of secular climatal variations in the earth’s astronom- 
ical relations. In the same chapter, but more fully in the Appendix, 
Dr. Croll goes on to show that the variable length of the seasons con- 
sequent upon the ellipticity of the terrestrial orbit had begun to at- 
tract, attention before the close of the last century ; and that, as early 
as 1830, Sir Charles Lyell had exppessed the idea that the long winters 
and short summers of the southern hemisphere might have some in- 
fluence in lowering the temperature of that portion of the globe.* Sir 
John Herschel and others, however, soon after demonstrated that the 
light and heat received by any portion of the earth’s surface during 
any year is practically invariable, whatever the eccentricity of the 
terrestrial orbit ; the greater proportionate length of winter in the 
hemisphere whose winters occur in aphelion being exactly counter- 
balanced by the greater proximity of the sun in summer. This is, 


’ indeed, a legitimate deduction from Kepler’s second law, and was long 


ago demonstrated by D’Alembert. The hypothesis, therefore, fell into 
disrepute. Over fifteen years ago, however, the author of the work 
under consideration began to point out, in a series of papers.(chiefly in 
the “ London and Edinburgh Philosophical Magazine ”), the substance 


of which is reproduced in “Climate and Time,” that while the variable 


length of the seasons resulting from this cause could never produce a 
glacial epoch directly, yet the same cause might, especially when in- 
tensified. by-a high degree of eccentricity, bring into operation a chain 
of physical agencies which could not fail Lory material pat the 
climate of the globe. 

. As a further introduction to that portion of the work devoted to 
the elucidation and application of the above-named astronomiéal and 
physical principles, and as an illustration of the efficiency of one of the 
secondary agencies on the operation of which the theory is based, the . 
heat-conveying power of ocean-currents is discussed at length in the - 
second and third chapters. The importance of these currents is shown 
to be immense: Thus, according to. Professor Dove’s “Temperature 
Tables,” the temperature of the British Isles, and of western voter 
generally, is 12° Fahr. above the normal—é#,"more properly, the 
mean—for that latitude, while the temperatire of corresponding por- 
tions of eastern North America is-nearly as much below the normaly 


Dr. Croll attributes this difference to the effect of the Gulf Stream im 


warming western Europe, and of the cold counter-current in chilling 
our American coasts. The same subject-.is recurred to frequently 
throughout the volume, notably in Chapters XI. and XIL, in the latter 
of which Mr. Findlay’s objections are answered. by calculating from 
his own data that the heat liberated from the Gulf Stream in the 
North Atlantic is equal to more than one half of that received direct- . 
ly from the sun in the same latitude. An analogous condition of 
things exists on the shores of the North Pacific, which are similarly 


* “ Principles,” first edition, 1880, vol. i., p. 110. 
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affected by the Kuro Siwo ; though there the effect is less distinctly 

marked, owing to the more unfavorable conformation of the coast. 
So effective are ocean-currents in distributing the heat of tropical and 
the cold of polar regions, that our author concludes that the globe 
would not be habitable for existing orders of beings were their influ- 
ence to cease. 

The heat-conveying power of aérial currents is also discussed ; but 
it seems possible that Dr. Croll has under-estimated their capacity, 
many times increased as it is by the aqueous vapor with which they 
are laden. Space will not, however, permit the discussion of this in- 
teresting point. 

The combined effect of aérial and aqueous currents is estimated to 
reduce the difference in temperature between equator and poles from 
218° to 80°. This astonishing result may be substantially verified by 
a simpler and probably more accurate method than that employed by 
Dr. Croll. Meech shows* that the relative solar intensity at the 
equator, at the poles, and over the whole earth, varies in the ratio of 
81°50, 33°83, and 66°73, respectively ; and Dove, many years ago, de- 
termined the mean annual temperature of the earth to be approxi- 
mately 58°. Now, the solar energy elevates the temperature of the 
earth from that of stellar space, or —239° (as determined by Herschel 
and Pouillet), to +58°. 297° is, therefore, the mean elevation of the 
earth’s temperature by solar action. Eliminating the distributing 
power of aérial and aqueous currents, and assuming the present mean 
relation between absorption and radiation to remain constant, it is 
quite probable that the temperature of the various parts of the earth’s 
surface would vary directly as the solar intensity. - A simple propor- 
tion, then, shows us that while the equator would be raised 363°, or to 
4+ 124° of absolute temperature, the poles would be elevated only 
150°, or to —88° ; making a difference of 212° between equator and 
poles. If, as is extremely probable, the temperature of stellar space is 
really below —239°, this difference would be still greater. Moreover, 
it can be shown that any decrease in temperature tends to increase the 
radiating capacity of the earth by rendering the surrounding atmos- 
phere diathermous. Hence the poles would sink lower in tempera- 
ture, proportionally, than the equator. 

Six chapters (VI.-XI.) are devoted to the “gravitation theory ” 
of oceanic circulation, with the object of completely refuting it. Two 
reasons for the very full discussion of this branch of the subject are 
given: 1. Because the gravitation theory “lies at the root of a great 
deal of the confusion and misconception which have prevailed in re- 
gard to the whole subject of ocean-currents”; and, 2. Because, “if 
the theory is correct, it militates strongly against the physical theory 
of secular changes of climate advanced in this volume.” The advo- 


* “Relative Intensity of the Sun’s Light and Heat,” “Smithsonian Contributions,” 
vol. ix. 
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cates of this theory are separated into two arbitrary classes : 1. Those 
who consider the difference in density between equatorial and polar 
waters to be due to difference in saltness ; and, 2. Those who attrib- 
ute the difference in density to difference in temperature. Lieutenant 
Maury’s theory, stated in his “Physical Geography of the Sea,” is 
rejected because that eminent meteorologist recognized both of the 
above-named causes of difference in density, while they are very 
nearly equal and quite antagonistic, and because the actual differences 
in specific gravity due to these causes are mathematically demonstra- 
ble to be incompetent to produce so powerful currents ; being, in fact, 
as Dr. Croll pointedly insists, only one seventh of that necessary to 
produce the slightest motion. Dr. Carpenter’s theory, based chiefly 
on differences of density due to differences in temperature, is discussed 
at still greater length than Lieutenant Maury’s, and is rejected on the 
grounds—1l. Of being counteracted by differences in saltness (in which 
view Dr. Croll has the support of Sir Wyville Thomson) ; and, 2. Of 
resting on assumed causes utterly inadequate either (a) to produce 
existing currents, or (4) to convey northward so great an amount of 
heat as that‘shown to be given out. by the Gulf Stream ; the apparent- 
ly paradoxical conclusion, that the Gulf Stream actually conveys an 
absolutely greater quantity of heat to high latitudes than the whole 
Atlantic could convey, being explained by the proposition that the 
Gulf Stream obtains the greater portion of its heat in the southern 
hemisphere, while according to Dr. Carpenter’s hypothesis the circula- 
tion should be independent in each hemisphere. 

In Chapter XIII. the “wind theory” of oceanic circulation is 
enunciated and elaborated, and in the succeeding chapter its relations 
to climatal variations are discussed. It is first pointed out that the 
various ocean-currents are not due to the trade-winds alone, as was 
until recently supposed by advocates of the wind theory, but to the 
general impulse of the prevailing winds of the globe, viewed as a sin- 
gle grand system, and acting, not upon several separate and. indepen- 
dent oceans, but upon a single grand oceanic system, the various parts 
of which are most intimately related. The correspondence between 
the supposed cause and the observed effect seems to be all that could 
be desired. “All the principal currents of the globe are in fact mov- 
ing in the exact direction in which they ought to move, assuming the 
winds to be the sole impelling cause. In short, so perfect is the agree- 
ment between the two systems, that, given the system of winds and 
the conformation of sea and land, and... the system of oceanic 
circulation might be determined @ priori. Or, given the system of the 
ocean-currents, together with the conformation of sea and land ; and 
the direction of the prevailing winds could also be determined a@ 
priori. Or, thirdly, given the system of winds and the system of 
currents, and the conformation of sea and land might be roughly 
determined.” Return currents are formed through the tendency of 
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the ocean to maintain its level, and naturally select the path of least 
resistance. Hence they are usually undercurrents. 

The general agreement between the systems of winds and of oceanic 
circulation is shown on a chart. It may be mentioned that the direc- 
tion of the winds, as laid down on this chart, does not precisely corre- 
spond with the direction determined by the late Professor Coffin, and 
indicated on the charts in his cyclopean work, “The Winds of the 
Globe,” recently published by the Smithsonian Institution ; and it is 
quite probable that more exhaustive observations will show that there 
are inaccuracies of as great magnitude in the representation of oceanic 
currents. It should be borne in mind, however, that any minor dis- 
crepancies between the two systems do not militate against the theory, 
unless it can be shown that they are not such as would be produced 
by the conformation of the coasts ; for the wind system, as a cause of 
oceanic circulation, is modified by this important and frequently an- 
tagonistic factor. 

In seeking for demonstrative evidence of the correctness of the 
wind theory, Dr. Croll seems to fall into an error which he has repeat- 
edly had occasion to point out in others. Thus, in discussing one of 
Dr. Carpenter’s sections, he shows, from Professor Muncke’s coeffi- 
cients of the density of sea-water, at various temperatures, that the 
surface of the Atlantic is, at north latitude 23° 10’, two feet six inches, 
and at north latitude 37° 54’, fully three feet six inches higher than at 
the equator, on account of the greater thickness at these points of the 
upper layer of warm water. It is urged that “gravitation never could 
have caused the ocean to assume this form,” and hence that “ gravita- 
tion can no more cause the surface-water of the Atlantic to flow toward 
the Arctic regions than it can compel the waters of the Gulf of Mexico 
up the Mississippi into the Missouri.” Now, by Dr. Croll’s own show- 
ing, it is gravity alone that causes the surface of the Atlantic to assume 
that form—that is, if that form is actually assumed ; a fact not deter- 
mined by measurements. It is merely calculated from the data given 
to what height above the level at the equator the waters of the North 
Atlantic would have to be raised in order to maintain a condition of 
static equilibrium ; it is not shown ‘that the waters are so elevated, but 
only that they would have to be in order that the influence of gravita- 
tion, in producing oceanic currents, should be eliminated. How the 


warm water, on which this supposed configuration depends, was con- 


veyed thither, is a dynamical and not a statical problem. 
Moreover, two important elements in the problem of oceanic circu- 
lation are disregarded by Dr. Croll: 1. The water borne from equa- 
‘torial to polar regions by aérial currents, in the form of aqueous vapor, 
must exercise a powerful influence not only on the earth’s temperature 
but also upon marine currents ; for,.as shown by Lieutenant Maury, it 
is sufficient to permanently render the Arctic seas much less saline than 
those of tropical regions. Sir Wyville Thomson strongly insisted upon 
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the importance of this agency in his presidential address before the 
geographical section of the British Association, at its Dublin meeting, 
in which he even went so far as to maintain that one part of the gen- 
eral oceanic circulation takes place through the atmosphere ; though 
in thus considering the aérial circulation to be telluric, or universal over 
the whole surface of the earth, instead of hemispheric, or comparatively 
independent on opposite sides of the equator, this distinguished ex- 
plorer seems to assume to be true that which is most emphatically con- 
tradicted, not only by the almost innumerable observations collated by 
Professor Coffin in the great work already referred to, but by those of 
all other observers. It is true, though, that, as the transportation of 
the vapor is accomplished by aérial currents, these currents indirectly 
cause those marine currents formed by the precipitation of vapor. 2. 
The earth’s axial rotation, which is one of the two great causes of aérial 
circulation, must exercise considerable effect on the marine currents, 
though of course its operation is more seriously interfered with by the 
inequalities of the terrestrial surface in the case of the earth’s discon- 
tinuous liquid envelope, than in the universal gaseous one. Still, if, as 
suggested by Guilleman, this force is adequate to influence the course 
of rivers flowing to the north or south, it will vitiate any theory which 
neglects it. Moreover, the actual effect of the earth’s axial rotation 
would be very likely to elude observation, as the currents so produced 
would necessarily correspond approximately with the principal aérial 
currents of the globe ; and hence the combined effect of the two causes 
would be likely to be attributed to the most obvious one. The influ- 
ence of axial rotation on the oceanic circulation may be determined 
mathematically, however, and indeed such an investigation has already 
been entered upon by Mr. Ferrel; but his results are not generally 
known. 

While both branches of the gravitation theory are summarily dealt 
with, analogy with the second prime cause of aérial circulation (i. e., 
difference in density, owing to differences in temperature and humid- 
ity) would indicate that any difference in density, whether due to 
difference in temperature or in saltness, would be sure to play a minor 
part in the phenomenon of oceanic circulation, at least in some cases, 
Therefore, of the five distinct agencies which probably codperate in 
disturbing the equilibrium of the ocean, Dr. Croll recognizes but one ; 
and, singularly, in view of his usual method, he nowhere endeavors to 
prove mathematically, or in any other conclusive manner, that the 
impulse of the winds is adequate to produce the effects attributed to 
it. The wind theory can not, therefore, be said to be demonstrated. 
Nevertheless, the agreement between the winds and the marine cur- 
rents is so striking that geographers and navigators are generally dis- 
posed to adopt that theory. The late distinguished geographer of 
Gotha, Dr. Petermann, was one of the most prominent advocates of 
the theory. 
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With Dr. Croll’s connection with this subject a new era may be 
said to have been inaugurated. Previously it had been deemed suffi- 
cient to point out certain agencies which seemed to be adequate to 
produce the observed effect, without making any effort to show mathe- 
matically that they were adequate ; but this physicist contended from 
the first that cause and effect should be determined in absolute mea- 
sure, just as in the other branches of physical science. His failure to 
observe this excellent rule in one case is to be attributed to the same 
paucity of trustworthy observations which is the occasion of the ob- 
security enveloping the whole subject. 

In Chapter IV. the physical agencies leading to changes of climate 
are discussed, and an explanation of the present low temperature of 
the southern hemisphere is offered in Chapter V. As has already 
been: intimated, that hemisphere, which has its winters in aphelion, 
has a longer winter and a shorter summer than the mean. Now, it is 
perfectly obvious that this variation in the length of the seasons 
increases with any increase in the eccentricity of the terrestrial orbit, 
and. similarly diminishes with any diminution of eccentricity ; for the 
eccentricity of the planetary orbits may vary within pretty wide 
limits, which have been determined by La Grange, Leverrier, and, 
more recently as well as more satisfactorily, by Mr. J. N. Stockwell, 
of Cleveland. The present eccentricity (0°0168) is such that there is 
a difference of about eight days in the length of summer and winter 
in either hemisphere, when the solstices coincide with the apsides ; 
and, the winter solstice of the southern hemisphere being now not far 
from aphelion, that hemisphere has the long winter and short summer. 
It is admitted, however (even too readily, it would seem), that the 
present degree of eccentricity is too insignificant to exercise much 
influence on the climate of the globe; but 210,000 years ago, when, 
according to Dr. Croll’s elaborate computations, the eccentricity was 
00575, the excess of winter over summer, due to this cause, amounted 
to 26-7 days; and 850,000 years ago, the eccentricity then being 
00747, it amounted to 34°7 days; and itis argued that so great a 
difference in the relative length of the seasons would indirectly, through 
the intervention of a number of physical agencies, materially affect the 
earth’s climate. These agencies are shown to be such as would be 
brought into operation by an increase in the length of winter, even if 
its severity was not increased ; and they are mainly dependent on the 
increased proportion of moisture precipitated as snow instead of rain. 
Of course, this snow would remain until melted by approaching sum- 
mer, just as it does in every region where much snow falls. 

“There are three separate ways whereby accumulated masses of 
snow and ice tend to lower the summer temperature”: 1, By means 
of direct radiation [and by direct contact]; 2. By direct reflection 
back into space of the solar rays; and, 3. By chilling the air and con- 
densing the vapor into thick fogs which intercept the solar rays. This 
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third influence had better not be insisted upon, however, as it is coun- 
teracted by—1. The immense amount of latent heat liberated in the 
condensation of the vapor; and, 2. The interception by these fogs of 
the heat radiated from the earth. A substitute may be offered for it, 
viz., by rendering the atmosphere diathermous, and therefore inca- 
pable of absorbing the solar rays or of intercepting the radiation and 
reflection from the earth. In consequence of the operation of these 
agencies, the air in snow-covered regions seldom rises above the freez- 
ing-point, and the solar heat is conveyed away into space and utterly 
lost to the earth ; for, if a portion of it is absorbed by the snow and 
ice during the hours of sunshine, it is not rendered sensible, owing 
to the high latent and specific heat of these forms of water, and is 
radiated away, unchecked by any “ protecting blanket of vapor” 
(which Professor Tyndall shows to be so efficacious in protecting 
the earth from radiation, but which can not exist above snow-covered 
regions), during the succeeding hours of darkness. 

This waste of solar energy, in turn, still further curtails the already 
short summer, and permits the same causes to operate with increased 
efficiency during the succeeding season. Moreover, the reaction of 
each effect upon its cause is such as to strengthen the cause, and the 
interaction of all the agencies is such as to increase the efficiency of 
each. Each winter would thus add to the snow which had remained 
unmelted during the intervening summer, until the accumulation of 
snow was checked by the absence of vapor for condensation and pre- 
cipitation ; for, as pointed out by Tyndall, the presence of large quan- 
tities of vapor is the first essential for the formation of extensive gla- 
ciers. 

It has been objected to the theory, that this picture has been over- 
drawn-—that no such slight cause could so seriously disturb the equi- 
librium of the seasons ; it has even been shown mathematically that 
the heat of a few days in summer would melt the total accumulation 
of the previous winter. The answer to these objections is, that in such 
calculation the operation of the agencies just degcribed was disre- 
garded, and hence that its results are unreliable ; that, though the 
solar intensity is greater over polar regions in summer than in the 
tropics, as shown by Meech, it is not sufficient to melt the annual ac- 
cumulation of ice, else this ice never could have accumulated to so 
vast an extent as to annually send forth thousands of colossal bergs to 
be melted in temperate seas; that not only in the Alps, but even in 
the almost tropical Himalayas, where the sun shines with undiminished 
intensity throughout the year, the direct effect of the solar exergy is so 
far below the accumulation of congealed vapor that the ice is only pre- 
vented from piling up indefinitely by that property which enables it to 
flow down to lower levels where the conditions described do not exist ; 
that even in the northern portions of our own country the slight annual 
film of snow retards the coming of summer by weeks if not months ; 
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that while the reception and dissipation of heat by any portion of the 
earth’s surface are equal, the physical properties of ice are such that 
ice-covered regions lose their heat immediately without being sensi- 
bly increased in temperature. The effect on temperature of accumu- 
lations of ice and snow must, therefore, be enormous. . “ Were it not 
for the ice,” strikingly remarks Dr. Croll, “the summers of Green- 
land .. . would be as warm as those of England ; but, instead of 
this, the Greenland summers are colder than our winters. Cover India 
with an ice-sheet, and its summers would be colder than those of Eng- 
land.” Even on our own coasts the grounding of a single berg ap- 
preciably lowers the temperature and greatly increases the danger of 
frosts. 

On the hemisphere whose swmmers occurred in aphelion during 
the period of high eccentricity, an exactly opposite tendency would 
be manifested : the snow and ice would gradually melt and perhaps 
entirely disappear, and vegetation might flourish even under the pole. 
That hemisphere would then enjoy an interglacial period. These 
periods occupy an important place in the theory under examination. 

Dr. Croll then proceeds to show how the accumulation of ice in 
polar regions would affect the general oceanic circulation : “ Owing to 
the difference between the temperature of the equator and the poles 
there is a constant flow of air from the poles to the equator. It is to 
this that the trade-winds owe their existence. Now, as the strength 
of these winds, as a general rule, will depend on the difference of tem- 
perature that may exist between the equator and higher latitudes, it 
follows that the trades on the cold hemisphere will be stronger than 
those on the warm. . . . Suppose, now, the northern hemisphere to be 
the cold one. The northeast trade-winds of this hemisphere will far 
exceed in strength the southeast trade-winds of the southern hemi- 
sphere. The median-line between the trades will consequently lie to 
@ very considerable distance to the south of the equator. . . . Let us 
now consider how this would affect the Gulf Stream. The South 
American Continent is shaped somewhat in the form of a triangle, with 
one of its angular corners, called Cape St. Roque, pointing eastward. 
The equatorial current of the Atlantic impinges against this corner, 
but, as the greater portion of the current lies a little to the north of 
the corner, it flows westward into the Gulf of Mexico and forms the 
Gulf Stream. . . . Now, it is perfectly obvious that the shifting of the 
equatorial current of the Atlantic only a few degrees to the south of 
its present position—a thing which would certainly take place under 
the conditions we have been detailing—would turn the entire cur- 
rent” to the south of Cape St. Roque, and thence along the Brazilian 
shores and into the Southern Ocean, and “the Gulf Stream would 
consequently be stopped.” 

Now, it is quite manifest that if the wind theory of oceanic circula- 
tion is incorrect—and, as already shown, its correctness has not been 
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demonstrated—no such deflection of the Atlantic current would be 
likely to occur. This possibility is fairly confronted by Dr. Croll 
when he admits that the gravitation theory “militates strongly” 
against his theory of secular changes of climate. But there is another 
self-evident proposition which seems to have escaped his attention. 
Assuming that the results detailed above follow in the order laid 
down when the eccentricity is at a high value, it is perfectly manifest 
that the deflection of the Gulf-Stream feeder is an effect of glaciation, 
and, if a cause at all, only asecondary one. Hence, if the purely physi- 
cal agencies alone are capable of causing glaciation, Dr. Croll’s theory 
of secular changes in climate will stand, whether or not the wind theory 
of oceanic circulation is correct ; but, if they are not capable of pro- 
ducing a glacial period alone, the theory will fall, even if the wind 
theory of oceanic circulation be correct. This can not be too strongly 
emphasized. Yet, not only in “Climate and Time,” but in his other 
publications on the subject, Dr. Croll dwells upon the deflection .of 
ocean-currents as the principal telluric element in his theory ! 

The only positive evidence adduced to prove that the Gulf Stream 
was deflected during the glacial period is the fact, pointed out by Mr. 
Crosskey, that there is more difference between the glacial and recent 
shells of Scotland than between the glacial and recent shells of Cana- 
da. But this only proves that the present temperature of that part 
of Canada is lower than that of Scotland ; for the temperature of the 
waters at the edge of the ice-sheet must have been approximately the 
same, whatever the latitude to which it extended. This evidence is, 
therefore, utterly valueless. Furthermore, we have pretty reliable posi- 
tive evidence that the Gulf Stream was not stopped during the glacial 
epoch, in the more northerly limits of continental glaciation in those 
parts of Europe so greatly affected by the Gulf Stream to-day, any more 
than in the United States, where its influence is comparatively unfelt. 
Moreover, Professor Dana has shown in his “ Journal” that the distri- 
bution of ice during the glacial period coincided in a general way with 
the present distribution of rainfall in the same latitudes. Now, the 
greater part of the moisture of the United States, especially of the 
great Mississippi Basin, is derived from the Gulf of Mexico ; and the 
stoppage of the South Atlantic feeder of the Gulf Stream would 
cool the waters of the Gulf so considerably as to materially diminish 
our vapor-supply, and at the same time the distribution would be 
. altered. Similarly, the stoppage of that current during the glacial 

. period would have so altered the distribution that its relation to the 
present precipitation would not be recognizable, even if it did not so 
completely cut off the vapor-supply as to prevent glaciation. The 
mass of evidence is therefore against the hypothesis of the shifting of 
this important marine current during the glacial period ; and, as this 
would, as Dr. Croll points out, be likely to be the first out of all of the 
ocean-currents to be deflected, it may reasonably be doubted whether 
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any were seriously affected by the cause specified. It must be admit- 
ted, however, that the physical agencies which have already been 
described seem competent to inaugurate a glacial epoch during any 


_ period of high eccentricity of the terrestrial orbit, without any assist- 


ance from the meteorological influences. These periods, recurring at 
long and irregular intervals, must have alternately refrigerated and 
revivified the circumpolar regions again and again during the immea- 
surable ages whose lapse is so dimly recorded in the rocky strata. The 
theory is, therefore, in the highest accord with the modern uniformita- 
rian doctrine which rejects all hypothetical explanations of phenomena 
which are not in harmony with the present course of nature. 

The present low temperature of the southern hemisphere as com- 
pared with the northern is explained by the assertion that the warm 
waters of the southern hemisphere are borne into the northern, while 
the cold waters of the northern hemisphere are conveyed into the 
southern. The argument supporting this conclusion is that of a radi- 
cal advocate of the wind theory, and is as strongly opposed to the first 
principles of the physical theory of climate as the most conservative 
critic could wish. Space will not permit the discussion of this chapter. 

Chapter XVIIL. contains a résumé of the evidence of former glacial 
eras which had been collected up to the time of the preparation of the 
volume. There had already been placed on record more or less decisive 
evidence of former glaciers, not only in the Quaternary but in the Mio- 
cene, the Eocene, the Cretaceous, the Odlitic, the Permian, the Carbo- 
niferous, the Old Red Sandstone, the Silurian, and even the Cambrian. 
In some of these cases, notably in the formations of the Permian age, 
the evidence is so voluminous, so distinct, and from such widely sepa- 
rated localities, that it seems impossible not to conclude that our Pleis- 
tocene ice age was but the homologue of long antecedent secular win- 
ters. The reasons for the paucity of evidence regarding these early 
glacial eras are summarized in the preceding chapter. 

A statement of the method of computing the eccentricity of the 
terrestrial orbit, elaborate tables (laboriously computed by the author, 
with the exception of about a dozen periods) showing the eccentricity 
for 8,000,000 years in the past and 1,000,000 years in the future, and’ 
conclusions as to the probable date of the glacial epoch, constitute Chap- 
ter XIX. It has since been pointed out, by an undoubted authority in . 
such matters (Professor Newcomb), that Leverrier’s formulx, which 
were employed in making the computations embraced in the tables, 
are defective, and hence that the figures given are not rigidly correct ; 
but for the present these minor inaccuracies may be disregarded. The 
dates given may, therefore, be assumed to be correct, though they are 
undoubtedly only approximations. f 

Tt has already been stated that periods of high eccentricity oc- 
curred 210,000 and 850,000 years ago, respectively. Sir Charles Lyell, 
the founder of the uniformitarian school of geology, was inclined to 
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believe that it was the first of these periods that produced the glacial 
epoch. Guided by the rate and amount of post-glacial erosion, how- 
ever, Dr. Croll concludes that it was the mdre recent period which 
? corresponded with the Quaternary glacial epoch; but he suggests 
that the earlier period may have coincided with the Miocene glacier. 
He thinks that the glacial period of the Quaternary lasted from 
shortly before the last great maximum until about 80,000 years ago 
(when the eccentricity was 0°0398, corresponding to a difference of 
twenty-two days in the length of the seasons), or for about 160,000 
years—including, of course, the alternating interglacial periods. 

Aside from the strong inherent evidence of the approximate cor- 
rectness of this determination of the date of the glacial epoch (any 
uncertainty being due to the imperfection of Leverrier’s formule), 
there is an abnndance of independent testimony leading to substan- 
tially the same conclusion. Many eminent geologists have calculated 
the duration of post-glacial time from various data—generally the rate 
and amount of erosion or deposition in stated localities—with results 
usually ranging from 100,000 to 300,000 years. The mean of several 
of the most reliable is a trifle less than 200,000 years. Now, while each 
of these results, when viewed singly, may properly be regarded, in the 
words of Sir John Lubbock, “not as a proof, but as a measure of 
antiquity,” they may, when viewed collectively, justly be considered 
reliable within wide limits, and to prove that no less a period than 
40,000 or 50,000 years can have elapsed since the retreat of the ice- 
sheet from temperate latitudes ; and the time has now come when he . 
who endeavors to fix a later date for that event, without showing why 
these estimates should be rejected, need not be astonished if his efforts 
only bring him into contempt. So great is the weight of this inde- 
pendent testimony, indeed, as to warrant the suggestion that the gla- 

. cial epoch of the Quaternary did not extend down to the period of 

high eccentricity 80,000 years ago, as Dr. Croll intimates, but closed 

160,000 or 170,000 years ago. This last maximum might, then, be 

represented by the Reindeer epoch of Europe, and possibly (if it may 

be permitted in this strongly reactionary age to suggest the bare possi- 

bility that the pioneers in the field of American archeology, Atwater, 

Morton, Squier, and their compeers, did not err most egregiously in 

. their estimates of the antiquity of the earlier works of our prehistoric 

races) by the migration into Mexico and Central America of the 

mound-builders of the Mississippi Valley—a migration which might 

thus furnish a parallel with that southerly migration of the Pliocene 

mammalian fauna at the inception of the glacial period, to which the 

? Indian geologists attribute the richness and variety of the Siwalik and 

related fossil fauna of the Orient. It might further be urged that, if the 

duration of the ice age were so great as Dr. Croll suggests, we would 

be likely to find more unequivocal evidence of the fact in structural 
variations in those species which survived the cataclysm. 
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- Interglacial periods are treated of at considerable length in Chap- 
ters XV. and XVI. ; and it is justly held that any theory which does 
not explain the occurrefice of the plant-beds of the drift, as well as its 
bowlder clays, is unworthy of acceptance. The fossiliferous strata of 
the marine formations found in Arctic regions, as well as the whole 
series of fossiliferous deposits found in the drift, are referred to these. 
brief periods of* unusually mild climate ; but this seems almost too 
radical. If the general series of marine deposits in the Arctic regions 
were as nearly unfossiliferous as are the sedimentary strata of tropical 
India, such an hypothesis would be a little more likely to find accept- 
ance among geologists. The fact developed by Meech, that the polar 
regions ought to have a warmer summer than the equator, if the solar 
intensity is a fair criterion, would indicate that these regions should 
. have only a temperate climate if the ice were removed and the sum- 
mer’s heat stored up in the earth ; and so slight an additional quantity 
of heat would accomplish this in a few years that, in view of the 
known variability of the solar emission and of the terrestrial absorp- 
tion, it seems quite unnecessary to attach so much importance. to the 
interglacial periods in their relations to Arctic formations. That coal 
is an interglacial formation, as is suggested in Chapter XXVL., seems 
still less probable, chiefly because these periods are too short to admit 
of so great an accumulation of vegetable matter as is stored up in each 
coal-seam. 

It is not improbable, indeed, especially if the marine currents were 
. not seriously affected by the polar snows, that the greater part of each 
of these periods would be required to melt the ice which had accumu- 
lated during the preceding glacial period. It seems very doubtful, 
too, even if the melting of the ice took place with the greatest con- 
ceivable rapidity, whether terrestrial animals or plants would spread 
over the barren wastes of crude glacial débris so rapidly as to people . 
so wide a zone in the brief period assigned. Some of the intercalated 
fossiliferous beds of the drift, too, are very rich in numbers as well as 
species of both animals and plants—the latter sometimes forming ex- 
tensive deposits of lignite—which must have required an immense 
time for their development. It seems scarcely possible that these ter- 
restrial deposits can be interglacial, in the sense in which Dr. Croll 
employs the term, though the aqueous deposits, containing fossil shells 
of marine and estuarine mollusks, may justly be so considered ; for 
such animals would be likely to keep close to the margin of the ice- 
cap as it retreated. To explain the two principal divisions of the drift, 
which have been recognized over immense areas on both sides of the 
Atlantic, it seems equally reasonable to refer the uppermost to the last 
period of high eccentricity, and the lower to that which Sir Charles 
Lyell supposed to coincide with the glacial epoch; in fact, in support 
of this collocation, we have the striking coincidence that the ice ex- 
tended some degrees farthest during the period of greatest eccentricity. 
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Besides, such a collocation affords a sufficient period fer the develop- 
ment of the rich and characteristic fauna and flora of the forest-bed— 
a widespread fossiliferous and carbonaceous deposit that must repre- 
sent a lapse of time of geological importance. The belief that any 
glacier would necessarily remove all the débris formed by an ante- 
cedent one—a belief which has done much to prevent the acceptance 
of theories of successive glaciation—is best shown to.be fallacious by 
the unequivocal evidence that the ice of the last glacial epoch did pass 
over older deposits of unconsolidated materials without removing 
them. Some such evidence is cited by Dr. Croll in the last-named 
chapters, 

Among the interesting cognate subjects taken up in the remaining 
eleven chapters of the work are—methods of measuring the rate of 
subaérial denudation, and of determining the mean thickness of the 
rocks of the globe ; the age and origin of the sun (which is an able 
effort to reconcile the existing disagreement between the geologist 
and the astronomer and physicist as to the age of the earth) ; the 
physical cause of continental submergence and emergence during the 
glacial period ; the influence of the obliquity of the ecliptic on ter- 
restrial climate ; some glacial phenomena of Scotland and England ; 
and the physical cause of glacier-motion. Appendices and an index 
are added. 


It has been the aim in the foregoing pages to convey a general idea 
of the nature and scope of the work under review, and at the same 
time to indicate those points which do not seem to be sustained ; and, 
as is natural in view of this double object, justice has not been done 
to the work as a whole. “Climate and Time” represents years of 
study and an almost incredible amount of conscientious labor by per- 
haps the most competent living man to deal with this obscure subject, 
which occupies a position intermediate between geology, physics, and 
astronomy, and requires a thorough knowledge of all of these branches 
of science for its adequate comprehension. As a geologist, Dr. Croll 
occupies an important and responsible position ; and, as an astronomer 
and physicist, his reputation in scientific circles is even more enviable. 
Owing to the confusion in which he found the subject, to the absence 
of reliable data, and perhaps to a rather radical disposition, he seems 

to have fallen into a few errors; but, with some reservations, his in- 
genious theory has been received with much favor, and has been pretty 
widely. adopted, especially on the other side of the Atlantic. Here, it 
is comparatively unknown, and, in too many cases, lack of acquaintance 
with the principles on which it is based has led to its being unfavora- 
bly regarded ; but even those who reject the theory would do well to 
familiarize themselves with its details aes they undertake to inves- 
tigate the subject anew. 
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A LIVING HONEYCOMB. 


CH as has been written about the marvels of instinct, there 

are still discoveries of great interest to be made in this pro- 
lific field. Particularly in the domain of those insect Yankees, the 
ants, with their wonderful ingenuity and human-like manners and cus- 
toms, there is room for extended observations. 

Some lately discovered facts in relation to them are so curious and 
interesting that it may be advisable to give them greater publicity 
than they have yet obtained. Some of these facts have long been 
known to the world of science, but not to the public. Others are new 
_ discoveries. As a whole they form one of the most surprising chap- 

ters in the history of animal life and contrivance. 

Varied as are the social habits of the ants, it is generally consid- 
eréd that social bees surpass them in one particular, namely, their 
mode of storing supplies of winter food, the storehouses of ant-food 
haying no contrivance similar in ingenuity to the honeycomb, with its 
rich supply of the sweets of life. 

But the truth is that certain tribes of ants are well aware of the 
value of nature’s sweetmeats as articles of food, and have developed a 
mode of storing up their winter honey still more curious than that 
practiced by the bees. They possess, in fact, what may be called liv- 
ing honeycombs ; perambulatory cells filled with distilled sweetness. 
We refer to the honey-bearing ants of New Mexico, concerning which 
some very interesting facts have been brought to light during the past 
summer. 

The Rev. Dr. McCook, of Philadelphia, a noted observer of ants 
and ant-life, has been interviewing these honey-bearers, and his results 
differ so widely from the ordinary facts of insect instinct that they 
can not but prove of general interest. These ants had been previously 
known only in New Mexico, but he discovered them in Colorado, in- 
habiting the locality known as the “ Garden of the Gods,” their nests 
being excavated in the stony crests of low ridges which run through 
this mountain-girt paradise. 

The ridges are composed of a friable sandstone, into which our 
minute masons mine deeply, digging galleries which sometimes run 
for several feet into the rock. The nest, outwardly, is some ten inches 
in diameter by from two to three and a half inches in height, composed 
of sand and bits of stone carried from within, some of which seem 
large enough to defy a regiment of ants to move them. 

Inside the nests successive chambers are excavated, cunt by 
galleries, the floors of the chambers being comparatively smooth, while 
the ceilings are left in a rough state. But this roughness is no evi- 
dence of carelessness in the builder. It has, on the contrary, an im- 
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portant object : this is to furnish foothold for the clinging feet of 
certain extraordinary-looking creatures, which form the living honey- 
combs of which we have spoken. 

Fancy an animal with the head and thorax of a small ant, but with 
all the posterior portion of the body converted into a round sac, of the 
size of a large pea, and of a rich translucent amber hue—it being, in 
fact, distended into a reservoir of honey. This honey-bag is immense 
when compared with the size of the ant, the unchanged parts of which 
might pass for a black pin’s head attached to the side of a marrowfat 
pea. These odd-looking creatures cling to the roof of the chamber 
with their feet, the distended honey-bag hanging downward like an 
amber globe. On seeing them we instinctively imagine that their leg- 
muscles must be developed in a fashion to put to shame those of hu- 
man athletes, since it is no light weight which they are thus forced to 
continuously support. 

In each chamber of the nest about thirty honey-bearers are found, 
making some three hundred to the complete nest. Besides these there 
are hundreds or thousands of others, workers and soldiers, lords and 
queens, to whom the honey-bearers serve as storehouses of winter 
food. ° 

Dr. McCook succeeded in bringing some of these home with him 
alive, providing them with nest-building materials, and with sugar for 
nutriment. He has one very interesting nest in a glass bottle, with 
its interior chamber well displayed. The roof of this is covered with 
depending globules of honey, so large as almost to conceal the minute 
clinging insect of which they really form a part. 

But the marvelous feature of the case yet remains to be described. 
Not only is the abdomen of the ant converted into a receptacle for 
honey, but the whole internal economy of the body is transformed for 
this purpose. All the organs of the abdomen have quite disappeared : 
viscera, nerves, veins, arteries, have alike vanished ; and there remains 
only a thin, transparent skin, which is capable of great distention. It 
is thus in reality a honey-cell, and much stranger than that of the bee, 
the waxen walls of the latter being replaced in this case by the tissues 
- of a living animal. The creature can afford to dispense with the ab- 
dominal organs, since its life-duties are so metamorphosed that it has 
henceforth to act only as an animated sweetmeat. 

Dr. McCook’s observations enabled him to discover that the work- 
ing ants, returning from their out-door foraging, with their bodies 
distended with the honey they have somewhere harvested, enter the 
chambers of the nest and eject this sweet fluid from their own mouths 
into the mouths of the honey-bearers, whose bodies become greatly 
distended with the delicious food. In other cases he perceived hun- 
gry ants seeking for a meal, from the food thus generously stored up. 
The honey-bearer seemed to slightly contract the muscles of the ab- 
dominal skin, forcing from its mouth minute globules of honey : these 
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clung to the hairs of the under lip, and were eagerly lapped up by the 
hungry ants waiting to be fed. It is probable, however, that these 
supplies are principally intended as winter stores for the workers, for 
the feeding of the larvz, and for the dinner-table of the queen, who 
is, as usual, too proud or too dignified to do her own foraging. 

The working ants take great care of their helpless honey-bearers. 
When one, through some convulsion of nature—occasioned perhaps 
by the tap of a gigantic human finger—looses its hold and drops to 
the floor of its chamber, it is at once picked up by a worker, and car- 
ried back to its old foothold on the roof of the apartment. How this 
minute creature can drag up a perpendicular wall a mass twenty times 
its own size and weight is only less surprising than it would be to see 
an adroit climber of the human race ascending the face of a precipice 
and pulling after him a ton weight. 

With regard to the source of the honey, these ants are not known 
to feast on flowers, like bees and some of our home ants, nor could 
any evidence be found of the presence of the Aphis, or ant-cow, which 
many of our ants milk for its honey. 

The honey-gatherer is difficult to observe. It is a nocturnal ant, 
keeping out of sight of the sun during the day, and only vénturing 
forth at nightfall in search of food. Dr. McCook observed them, in 
the summer twilight, marching outward from the nest in long col- 
umns, and pursuing night after night the same paths. He watched 
them for a considerable time before he succeeded in finding the goal 
of these nightly expeditions. At length, discovering some ants on the 
twigs of a species of scrub-oak, which grew abundantly at the foot 
of the ridge, he observed that they showed a marked preference for 
certain small oak-galls which were ranged along the sides of the 
twigs. 

The next thing to be done was to examine these galls. We are 
accustomed to associate galls with the idea of bitterness only, yet they 
proved to be the true honey-yielders. On the round, green masses 
minute drops of a sweet juice were found : this the ants eagerly licked 
up, passing from gall to gall until fully laden, or returning to the 
original gall at a later hour when fresh sweetness had exuded from it. 

The gall-nut, it is well known, is an excrescence upon the leaves 
of a species of oak ; it is produced by the puncture of a small hymen- 

‘opterous insect for the purpose of depositing its eggs. A minute 
grub lies in the center of the soft mass which composes the gall. 
Whether the sweet juice came from this grub, or from the sap of the 
tree, was not readily to be discovered, though it was most likely an 
exudation of the sap. 

All night the busy gatherers of sweets were occupied in collecting 
honey from the galls. Toward morning they were seen in great num- 
bers returning to the nest, their bodies swollen with the night’s har- 

vest of honey, which, as we have said, is given to the living honey- 
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combs within, being forced from the bodies of the workers and into 
the mouths of the honey-bearers, until, by the time the season is over, 
they present a remarkable distention. 

This is about all that is known at present concerning the habits of 
these, strange ants. They very likely have other sources of honey at 
other seasons ; but the most interesting fact is the surprising mode of - 
storage of this sweet food. 

In New Mexico the inhabitants put these ants to a very peculiar 
use, supplementing their dinners with a plateful of honey-ants for des- 
sert. The overladen insects wait in enforced patience while the pre- 
ceding courses of the dinner are being eaten. The mode of partaking 
of this strange dessert is to pick up an ant, nip the honey-bag with the 
teeth, forcing its sweet contents into the mouth, while the remainder 
is thrown away. We are told that this is not so disagreeable a habit 
as it might at first sight seem, the skin surrounding the honey being ~ 
reduced to a thin, transparent membrane, with nothing necessarily un- 
pleasant in its character. Nevertheless, most of us will prefer to com- 
tinue indebted to the bee for our supply of honey, leaving the ants to 
enjoy the fruits of their own labors.—Journal of Science. 





SIZE OF BRAIN AND SIZE OF BODY. 
By H. W. B. 


by may be stated generally that the larger the animal the smaller is 

the proportionate size of the brain. As an example of this we 
may take the case of two of the largest animals now living, viz., the 
whale and the African elephant. The whale possesses one of the 
largest brains that is found in any animal, but, if we compare the size 
of its brain to that of any of our domestic animals, such as the dog, 
we find that it has a very small brain in proportion to the size of its 
body. The same is the case with the brain of the elephant, which is 
certainly the largest brain of any land animal, but which, compared 
to the size of the body, is very small. Another set of animals in which 
the brain is comparatively small is the reptiles. This group includes 
a number of animals which are not included in the popular sense of 
the word, such as the crocodiles, the turtles and lizards, as well as the 
snakes. In these the brain is small comparatively to the size of the - 
body, as it is also in the amphibia. The small size of the brain in these 
two classes of vertebrates is peculiar, as it rans through all the various 
groups, although most marked in the larger members of each one. The 
birds also follow the rule that the largest of them have smaller brains 
compared to their bodies than the smaller ones have. A good example 
of this may be seen in the case of the ostrich, which has the largest 
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body of any member of the group, but a much smaller brain in propor- 
tion to its body than many of the smaller birds. As a class, however, 
the birds have large brains in proportion to their body, when com- 
pared to the other vertebrates, and so present a contrast to the rep- 
tiles, in which, as already stated, the brain is small throughout the 
- whole group. In the next class of vertebrates—the Monotremata— 
the brain is large in proportion to their body, but it must be taken into 
account that this group contains very few large animals, being composed 
almost entirely of small ones. The size of the brain in the echidna, 
and the ornithorhynchus, both belonging to this group, is especially 
large in proportion to the small bodies which the animals possess. 
This is more remarkable when we consider the low position they oc- 
cupy in the vertebrate series. In this manner we might go on through 
_ the whole series of vertebrates, showing how the larger animals have 
relatively smaller brains, and also the reverse, that the smaller animals 
have larger brains for their size. 

We must now consider, however, the relative size of the brain in 
animals about the same size, as it is only in that way that we can gain 
information on the subject. Owing to the difficulties which attend the 
" investigation of this subject, comparatively little is accurately known 
about it. It may be stated generally that the brain of domestic ani- 
mals is larger than that of wild animals of a corresponding size of body. 
As an example of this we may take the case of the dog and the wolf. 
If the brains of those animals are compared, it will be found (if the 
animals compared are of the same size) that the brain of the dog is the 
larger. Again, if we compare the brains of a dog, a badger, and a 
musk-deer about the same size, we find that the brain of the dog is the 
largest, those of the other two animals being about the same size. It 
will be observed that, in classifying the size of an animal, we do not 
go by the height the animal stands, because many animals whose bodies 
are about the same size differ in height only on account of their legs 
being longer. In making comparisons, therefore, we compare animals 
whose bulk is the same, irrespective of the actual height they may 
stand from the ground. Among the wild animals of a similar size, 
we also find considerable difference between the comparative size of 
the brain and that of the body. As an example of this, we may take 
the case of the lion and tiger. The brain of the lion is much larger 
than that of the tiger ; however, that might be expected from the lion 
being a larger animal than the tiger ; but the brain is much larger in 
proportion than the difference of size of the two animals would account 
for: therefore the brain of the lion is larger, in proportion to the size 
of his body, than that of the tiger is in proportion to his body. 

But we must now compare the size of the brains of domestic ani- 
mals of the same size. Although the horse stands higher than the ox, 
yet both those animals may be classed together for the comparisons of 
their brain. We find that the brain of the horse is very mach larger 
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than that of the ox. The camel also may be included in this class, as 
being about the same size. Although many camels are larger, still the 
bulk of the body is not very much greater than that of the horse and 
ox. Its brain is very similar in size to that of the ox, but smaller 
than the horse’s brain. The brain of the sheep is a good deal larger 
than that of the goat, although their bodies are similar in size. The 
sheep and the pig are also animals which we might classify if we do 
not take extreme sizes, but compare animals similar in age or bulk. 
We find that the pig’s brain is larger than the sheep’s, and corresponds 
in size very nearly to that of the dog. In the cat the size of the brain, 
in proportion to the body, is much larger than that of the domestic 
rabbit, although the size of the two animals is yery much the same. 

In these examples given we have not taken into consideration the 
order to which the animal belongs in the vertebrate series, but only 
compared similar sized animals, and in all cases we have compared the 
brains of adult animals. This is a very important point, as it is found 
that in all animals, including man himself, the size of the brain, in pro- 
portion to the size of the body, is much greater in young animals than 
it is in the adult. In some animals the head is found to grow enor- 
mously in size as the animal reaches adult age, but the brain does not 
increase to the same extent. There is generally some reason to be 
found for this im those animals where it takes place. For example, in 
the elephant the head of the young animal is by no means out of pro- 
portion to the size of its brain ; but if we bisect the head of an adult 
animal we find that the brain only occupies a small cavity, and the rest 
of the skull is composed of plates of bone with air-cells between them. 
In the young elephant we find none of those plates and air-cells be- 
tween the outer and inner layers of cranium, but simply the two layers 
of bone close to one another ; but we will also find that at this stage 
the young-elephant has no large tusks to carry, and its trunk is light, 
so that-its~head is comparatively light. The case is, however, quite 
different in the adult, when there are two large tusks and a large trunk 
to carry. In order to support this great weight he requires strong 
muscles. The great dmcrease in the size of his head, therefore, is to 
afford a requisite extent of surface for the attachment of the muscles. 
In order to get this, combined with lightness, the skull is composed of 
those plates and air-spaces mentioned. 

A very interesting question, but one which it is very difficult to an- 
swer, is whether the intelligence of the animal corresponds to the size 
of its brain. It is very difficult to make comparisons in many animals, 
as one animal shows his intelligence in one way, and another ir an- 
other way. However, going over some of the animals whose brains 
we have compared, we may take as an example the horse and the ox. 
The horse has the larger brain, and he has undoubtedly the greater 
amount of intelligence. We find that horses can be trained to a great 
extent, as may be seen daily in a circus, but the ox has never been so 
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trained. Again, a.dog is the most intelligent. animal there is, and he 
has a large brain in comparison to the size of his body. On the other 


hand, however, if we examine some of the Monotremata, we find, as" 


already stated, that the brain is very large in proportion to the size of 
the body ; but the animals of this group would by no means be taken 
as a standard of animal intelligence. It appears very probable, there- 
fore, that in young animals and in the lower classes of the vertebrates 
the size of the brain has comparatively little to do with the intelligence 
the animal possesses, but that in the higher vertebrates there is some 
relation between the amount of intelligence and the quantity of brain- 
matter. The question may be asked, Why is it that the elephant, since 
it has the largest brain of any land animal, is not the most intelligent 
animal there is—more intelligent even than man, if the intelligence 
of an animal depends on the amount of its brain-matter? The answer 
to this question is easy. This animal being so large requires propor- 
tionally larger nerves and larger -nerve-centers, to supply the muscles 
and sensory organs of his body, in the same manner that a larger mag- 
neto-electric machine is required when twenty electric lights have to 
be supplied by it than when it has to supply only ten. The elephant 
has, in reality, a smaller quantity of brain material available for his 
‘intelligence than the dog, because the dog has a much smaller body, 
and requires smaller nerves. Moreover, the intelligence, it has been 
proved, is situated in the upper part of the brain, or cerebrum, as it is 
called. Now, the dog’s cerebrum is very much larger, in proportion to 
the size of his body, than that of the elephant, after allowing for the 
general law that larger animals have smaller brains in proportion to 
their body than smaller ones have. The number of smooth and tortu- 
ous eminences called convolutions, separated by grooves, which cover 
the whole surface of the upper brain or cerebrum has also been proved 
to have something to do with the amount of intellect of the animal. 
The brains of those animals which possess superior intellect are gener- 
ally more highly convoluted and more deeply divided by the grooves 
than those of lower intellect. This may be very well seen by compar- 
ing the brains of the horse and the ox. It will at ence be seen on look- 
ing at the brains of those two animals that the horse’s brain is the 
more convoluted and altogether the more complex structure of the two. 
The same thing may be seen in the brainof;the pig on comparing it 
with that of the sheep. As an example of brains where the convolu- 
tions are few in number and the grooyes between them very shallow, 
wé may take those of the echidna and ornithorhynchus, already men- 
tioned as being very large in proportion to their bodies, while they 
themselves are of a low type. -The intellect of those animals evident- 
ly does not correspond to the size of their brain. The probability is, 
therefore, that their brain-matter is of a low type and consequently a 
larger quantity of it is required. Besides these examples cited there 
are many more that could be brought forward. It may be stated gen- 
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erally, then, that the intelligenbe of an animal depends principally upon 
the size of the brain in proportion to the size of its body, the size of 
the cerebrum, and also upon the number of convolutions and the com- 
plexity of its structure, although there are many exceptions to this rule 
which we are still unable to account for. 

Another interesting point in connection with this subject is the 
great increase in the size of the brain that has taken place within the 
last few hundreds of years, without a corresponding increase in the 
size of the body in all animals. This very interesting fact we learn 
from fossil zodlogy. The brain of animals at the present day is much 
more developed than it was in former times. This may be owing to 
the struggle for existence which there is, the animals which are weaker 
in body and intellect gradually being extinguished by the stronger, so 
that only the latter remain and are allowed to propagate the species. 
We know that exercise and training strengthen the brain and increase 
its weight in man, so the probability is the same thing takes place 
among the lower animals. There is every likelihood, therefore, that 
the brain will suill go on developing as time advances.—Land and 
Water. 
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THE TEXTILE PLANTS OF THE WORLD. 


R. HERMANN GROTHE, of Berlin, has published a work on 

the textile fibers furnished by the world of plants, embodying 

the fruits of studies pursued among the yarn and cloth materials of all 
nations at the great Industrial Exhibitions that have been held at the | 
European capitals and in Philadelphia. The subject is one of much 
interest, in an economical sense, and in the relation it bears to the de- 
velopment of early civilization. Men’s first steps in civilization may 
be traced almost directly in their efforts to clothe themselves ; and 
their first essays in skilled labor are made in the adaptation of the ma- 
terials which nature has furnished them to use for dress. On the banks 
of the White Nile are tribes who content themselves with simple 
aprons of leaves, or less ; and Sir Samuel Baker noticed that a great 
advance in general civilization had taken place when, after having 
spent several months among peoples of that grade, he came into Unyoro, 
where the people wore garments fashioned out of the bark of a fig- 
tree, which they had to prepare by soaking and beating with a mallet. 
Thrift seemed to follow naturally upon the acquisition of the taste for 
clothing, for the fig-trees have to be cultivated to secure a sufficient 
supply. Accordingly we are told, when a man takes a wife, he plants a 
certain number of the trees in his garden, as a provision for the wants 
of the family he has in prospect. A grade above the naked races are 
the Papuans of New Guinea, with their loin-girdles of grass or palm- 
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leaves ; and above these are the Maoris of New Zealand, with their 
cloaks of the leaves of an agave-like plant laid upon each other like 
scales. The South-Sea Islanders have in the paper-mulberry a plant 
which serves the same purpose to them as the fig-tree to the people of 
Unyoro, from the bark of which they prepare the tapa by soaking 
and beating. They illustrate another development of industry in the 
adornment of their clothes, for which they have invented an endless 
number of designs, many of them of considerable merit. This stage 
of civilization is also often marked by a corresponding development of 
the potter’s art, and of skill in ornamenting vessels. From the method 
of using the whole stuff of the bark to the art of separating its fibers 
and spinning and weaving them into a cloth is a great step. The pro- 
cesses of spinning and weaving are as varied as are the people who 
carry them on, and are largely determined by the nature of the ma- 
terial to which they have to be applied. ’ 

Dr. David August Rosenthal, in his “Synopsis Plantarum Dia- 
phorecarum ” (1862, Erlangen), counts, among twelve hundred useful 
plants, three hundred and sixty species which are fit for weaving, 
spinning, basket-work, cordage, etc.—species which are distributed 
over the whole earth, and of which nearly every country has some 
which may be cultivated with profit. 

Dr. Grothe divides the textile fibers into seed, bark, stalk, and 
leaf fibers. Those of the first class, the seed-fibers, are derived prin- 
cipally from the species of cotton, concerning all of which we have as 
yet no comprehensive treatise. Several other families of very diver- 
sified character afford seed-fibers, for which no method of application 
has yet been found which would permit them to be compared with 
the cotton. The plants affording valuable bark, or bark-fibers, are far 
more numerous. Dr. Grothe enumerates thirty-one families, of which 
seventeen are dicotyledonous, twelve monocotyledonous, one is a gymno- 
sperm, and one isa fern. Among the dicotyledonous plants are spe- 
cies of flax, linden, birch, mallows, sterculiaces (or silk-cottons), thy- 
melaceew (Daphne, leatherwood), asclepiads, apocynacee (dogbanes), 
nettle-plants, leguminous plants, mimose, spurge, willow, myrtle, 
bread-fruit, composite, and byttneriacew. The cultivation of the 
flax-plant has extended to the antipodes. Near to it in importance 
are the plants of the linden family, which afford numerous species 
suitable for basket-work and for woven fabrics. At their head stands 
the corchorus (not the so-called Corchorus japonicus, or Japan rose 
of the gardens, which is a spirea), of which the species olitorius and 
capsularis are the plants of the jute-fiber, and have recently attained 
an extraordinary value. The cultivation of these plants, which was 
formerly carried on only in India and the Sunda Islands, has spread 
to the Southern United States, Brazil, Australia, New Caledonia, 
Mauritius, Guiana, and Algeria, and the production of the fiber, ac- 
cording to Dr. Grothe, already equals half that of cotton. Other 
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lindens worthy of notice for their textile value are the aubletia pe- 

toumo, of Guiana, and several species of triumphetta. The mallow 

family, to which the cotton-plant belongs, affords a great many textile 
‘, ~ plants of the genera abutilon, hibiscus, sida, lavatera, malva, althea, 
abelmoschus, etc. 

Passing by the hemp, the value of which is generally recognized, 
we come to the nettle family, to some of the members of which an in- 
creasing degree of attention has been directed at all the great exhibi- 
tions since 1851. The common stinging-nettle has been used in Europe 
for a long time in making the nettle-cloth ; the fibers of other species 
have recently been made into a handsome hair for dolls’ heads, and 
might be put to more practical uses. Some twenty-four species of Ur- 
tica, Bohmeria, Puya, and Wood-nettle are enumerated as more or less 
valuable, besides the Nerandia melastomefolia, which is used in the 
Sandwich Islands. Of. the whole number, Urtica nivea. stands in the 
highest estimation as the plant from which the well-known China-grass 
or grass-cloth is made. It is cultivated extensively in the provinces of 
China south of the Yang-tse-kiang, the export from which had reached 
about thirty-five hundred tons in 1872, and is now estimated at about 
eleven thousand tons. The fiber is used in Japan for the finest threads 
and cloths, and an active manufacture has been carried on since 1660, 
hemp and jute having been used before that time. The Puya and the 
Neilgherry nettle ( Urtica heterophylla) are also highly valued for their 
fibers. Another family, allied to the nettle, the Antidesmee, is repre- 
sented in the Malabar flax ( Antidesma aleziterium), which is employed 
for spinning and in ropes. Among the monocotyledonous families 
that afford useful fibers are the lilies, irises, amaryllises, bromeliacer 
(or pineapple family), palms, pandanus (or screw-pine), rushes, grasses, 
reeds, and sedges. Of the plants of these orders most famous for 
their fibers are several species of agave and fourcroya, which afford 
the strong pito hemp, several species of anana (bromeliacew), and the 
bananas, one of which, the Musa teztilis of the Philippine Islands, pro- 
duces the Manila hemp, one of the handsomest and most valuable of 
all the fibers. 
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BB ere ce among the men who have won large distinction by 
varied and valuable labors in the field of science in this country, 
stands the name of the subject of the present notice. His career has 
been one of such eminent public usefulness in several departments of 
activity, which he has efficiently promoted both by his scientific 
attainments and his marked executive ability, that no biographical 
sketch of him can be given that does not involve some account of the 
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various projects, measures, and reforms, with which he has become 
identified. Science is devoted to the interests of truth, but that truth 
is for the service of humanity ; and the work of research becomes of 
the highest value only in its large Baconian application to the “relief 
of the estate of man.” It is through the intelligent and well-directed 
efforts of such men as Dr. Chandler that the fruits of science are appli- 
cable for the large amelioration and advantage of society. It is, more- 
over by the substantial and lasting benefits thus gained that the com- 
munity is led to recognize its great debt to science which it discharges 
by increasingly liberal provisions for its cultivation and development. 

Professor Chandler was born at Lancaster, Massachusetts, in 1836. 
His father became a merchant in New Bedford, where he still resides. 
On the maternal side he is descended from the rebels of the Revolu- 
tion and on his father’s side from the Tories. His maternal grand- 
father was John Whitney, an old Boston merchant ; his grandmother 
was.a daughter of John Slack, who fought at Lexington. The Chan- 
dlers originated with William Chandler and Annis his wife, who arrived 
in Roxbury, Massachusetts, from England in 1637. It was at Lancas- 
ter, Massachusetts, in the house of his grandfather, Nathaniel Chandler, 
who graduated at Harvard in 1792, that Professor Chandler was born. 

Hunting chiastolites and other minerals at Lancaster during vaca- 
tions, and attending lyceum lectures and listening to the elder Agassiz, 
led him to take an early interest in scientific studies, and while still a 
boy he turned his workshop in the attic into a laboratory. After 
graduating at the high school, he continued his classical studies pri- 
vately with a friend of the family for a year, and then pursued his 
professional studies at the Lawrence Scientific School, and the Uni- 
versities of Gottingen and Berlin. 

His teachers in chemistry have been Horsford, Wohler, and Heinrich 
Rose. Through the influence of Wohler and his friend Professor Joy 
he obtained the position of private assistant to Rose during the year 
he spent in Berlin, in whose laboratory his only companion, besides 
Rose and his lecture assistant Oesten, was the now famous Nils Erich 
Nordenskjéld, the Arctic explorer. In physics he studied with Weber, 
Dove, and Magnus ; in mineralogy he attended the lectures of Pro- 
fessor Cooke at Harvard, Von Waltershausen in Gottingen, and Gus- 
tav Rose in Berlin. In geology he listened to the lectures of Agassiz. 
In 1856 he received his degree of Doctor of Philosophy and Master of 
Arts at Gottingen, publishing a dissertation containing the results of 
miscellaneous chemical investigations. 

Soon after his return to America he accepted the position of as- 
sistant at Union College under his friend Professor Joy ; and when, 
soon after, this gentleman was called to Columbia College, Chandler 
immediately succeeded to his duties, and began lecturing to the Senior 
Class, though not yet “of age”—politically. He remained here for 
eight years in charge of the laboratory, and lecturing to the col- 

















aL? 











SKETCH OF DR. CHARLES F. CHANDLER. 835 


lege classes on general and agricultural chonletry, mineralogy, and 
geology. 

In 1864 Professor Chandler became connected with Columbia Col- 
lege, joining Professor Egleston and General Vinton in the experi- 
ment of starting a School of Mines. The project originated with 
Professor Egleston, who, with his friend Vinton, had recently gradu- 
ated at the Ecole des Mines in Paris. It was not considered very 
promising, but the three professors were willing to begin without sala- 
ries. Mr. George T. Strong, W.'E. Dodge, Jr., and several others, 
furnished about three thousand dollars to equip the modest laborato- 
ries. Hon. Gouverneur Kemble presented a fine cabinet of minerals. 
Dr. Barnard, the newly-elected President of Columbia College, Dr. 
Torrey, and the other Trustees, encouraged the enterprise in every 
possible way, and some vacant rooms in the basement of the college 
were assigned for laboratories. The success of the school was mar- 
velous. Provision was made for twelve students; twenty-four came 
the first day. During the entire winter the carpenters and gas-fitters 
were constantly at work erecting new tables for additional applicants, 
and the number of pupils reached forty-eight. The Trustees of the 
College responded liberally. During the first vacation they placed a 
large four-story building at the disposition of the school, with ample 
funds for the equipment of laboratories and cabinets. Accommoda- 
tions were arranged for seventy-two pupils. During the second year 
the school was thronged ; eighty-nine students were in attendance, The 
success of the new school seemed so well assured that the Trustees 
arranged to place it on a substantial basis as a codrdinate department 
of the college. Professor J. 8S. Newberry was called to the chair of 
Geology, relieving Professor Chandler of this subject, and a full facul- 
ty of professors and assistants was established. A new building was 
erected, and equipped with laboratory accommodations for one han- 
dred and fifty pupils ; these were outgrown, and a few years ago still 
larger ones were erected. The school is now in its sixteenth year; it 
has about two hundred and fifty students, pursuing a four years’ 
course of study. Professor Chandler has been Dean of the Faculty 
of the School from the beginning, and has been the executive officer, 
besides having charge of the laboratories and giving his regular courses 
of lectures. The Assay Department was the especial hobby of Pro- 
fessor Chandler, and, with the aid of his successive assistants, Miller, 
Day, Blossom, and Ricketts, has been made the most complete of its 
kind to be found anywhere. To facilitate the work of assaying gold 
and silver ores, he devised an improved system of weights, which gs 
been generally adopted by assayers. 

When Professor Chandler first came to Sew: Weits ho war ida 
to lend a hand in the development of the College of Pharmacy. This 
institution was then occupying a single room in the old University 
building on Washington Square, and numbered about thirty students: 
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Three evenings a week, all winter, Chandler lectured there year after 
year. The active exertions of the faculty and the trustees, and the 
interest manifested by the New York druggists, have built up from 
this small beginning a most flourishing school of three hundred pupils, 
which is able now to own a fine building, with laboratory and lecture- 
halls. 

At the death of Proféssor St. John, Professor Chandler succeeded 
to his chair of Chemistry and Medical Jurisprudence in the College of 
Physicians and Surgeons, which he now holds. Here his voice has 
always been raised in favor of a much more exacting system of medi- 
cal education, and has not been without effect, in the recent radical 
improvements which have been adopted in this institution, involv- 
ing an extension of the session to seven months, written examina- 
tions, ete. 

In 1866 Professor Chandler was invited by the Metropolitan Board 
of Health to do some gratuitous chemical work. He accepted the in- 
vitation, and so impressed the Commission with the importance of his 
work that, at the end of the year, they created the office of Chemist 
for him, which he held till 1873, when he was appointed by Mayor 
Havemeyer President of the Board. In 1877 he was reappointed, for 
six years, by Mayor Ely. As Chemist to the Board of Health, food 
and water supply were made the subjects of careful investigation. 
The absurdity of the annual complaints with regard to the quality of 
the Croton was clearly established, as was also the danger of drinking 
water from any of the city wells. It was also shown that the popular 
belief in the wholesale adulteration of the commozt articles of food, 
such as flour, bread, sugar, etc., was unfounded. The shameful con- 
dition of the milk-supply was pointed out, and it was shown that for 
every three quarts of milk there was added at least one quart of wa- 
ter, to say nothing of the frequent removal of a considerable portion 
of the cream. The fact that most of the condensed-milk companies 
skimmed the milk before they concentrated it and sold the cream 
separately was also published. A fraud on the citizens, amounting to 
at least ten thousand dollars a day, was traced to the milk-dealers. 

After Dr. Chandler was made President of the Board of Health, 
he made the milk question his special study, and carried on a success- 
ful warfare against the dishonest dealers. He rightly assumed that, 
as milk was the chief diet of the one hundred and thirty thousand chil- 
dren in New York, under five years of age, it was the most important 
article of food for municipal supervision. His reforms were not ac- 
complished without very sharp fighting. The milk-dealers organized, 
and secured the services of lawyers and chemists, who attacked both 
the laws and: the chemical methods. After prolonged litigation, the 
Court of Appeals. affirmed the ordinances of the sanitary code, and the 
lactometer as used by Dr. Chandler and his inspectors received the 
scientific endorsement of the best chemists in the country, including 
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Barker, Morton, Silliman, Caldwell, Goessmann, and many others, as 
well as the more practical endorsemert of verdicts from the Judges of ’ 
the Courts of Special Sessions and the jury of the General Sessions. 
At least fifteen thousand dollars has already been paid by milkmen in 
fines for watering and skimming milk. This investigation of the lac- 
tometer is important and interesting, for, while the Swiss and German 
investigators use it with the greatest confidence, the English analysts 
were shaken in their faith by the special pleading with which Wanklyn 
recommended his own method of analysis. 

At the same time an investigation of the liquors sold in the com- 
moner resorts was undertaken. The Metropolitan Excise Commnission- 
ers decided to withdraw the license of every one of the eight thousand 
dealers who should be found selling adulterated liquors. Professor 
Chandler was engaged to make the analyses on terms which might 
well have turned the head of any chemist. He was to receive twenty 
dollars for each analysis ; there were eight thousand dealers, and there 
were likely to be three or four samples from each. But when he came 
to examine the first installment of forty samples of whisky, gin, rum, 
and brandy from Mulberry, Mott, Baxter, and other streets of that 
character, he was compelled to report that while the brandy was all 
factitious, and the basis of the others was common whisky, there was 
no adulteration in the sense of anything added of an injurious char- 
acter. Some of them had been carelessly made and contained more 
fusel-oil than others, but the poisonous constituent was the alcohol. 
This ended the projected reform of the liquor-traffic by chemical 
analysis. 

An effort was made to put a stop to the sale of poisonous cosmetics, 
especially the various preparations of lead salts which are employed 
either on the skin as a white enamel or upon the hair to restore the 
original color. His analyses were widely published. 

The most important work of Professor Chandler was, however, the 
investigation of kerosene accidents, which were of very frequent oc- 
currence, not only in New York, bit wherever this cheap illuminator 
was used. It was supposed by the world at large that the accidents 
were an unavoidable incident to the use of the oil. Kerosene came in 
as a substitute for “camphene” or “ burning-fluid,” Which was inher- 
ently dangerous and could not be made safe. Kerosene was supposed 
to be similar in chemical composition and properties, and the accidents 
were generally attributed to carelessness. In 1869 Chandler began his 
work on this subject, his first report to the Board of Health bearing 
date January 11th of that year. It was a simple statement of the 
chemical nature of petroleum and its products, explained the process 
for refining the oil, and clearly established the fact that the dangerous 
character of the oils in use was due to the fact that the refiners, in 
order to realize a profit of two or three cents per gallon, left a certain 
quantity of the highly inflammable naphtha in it. He also reported 
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the fact that he had purchased seventy-eight samples of oil from as 
many different dealers in the city, and not a single one of them was 
safe. Some were pure naphtha. 

So convincing was the statement that it was taken up all over the 
country. The report was reprinted everywhere, and the statements 
were made the basis of legislative action in most of the States. The 
report was followed by a second in July of the same year, a third in 
1870, and a very elaborate report of 110 pages in 1871. Ten thousand 
copies of the latter were printed and circulated by public-spirited citi- 
zens in New York. It was largely reprinted in Switzerland, exten- 
sively quoted in France and Germany, and freely used and quoted by 
the Select Committee of the House of Lords in their report on the 
Petroleum Bill, 1872. In fact, Professor Chandler was invited to go 
to England to testify before this committee. He did not content him- 
self with writing on the subject, but lectured in the hall of Cooper 
Union, the Academy of Music, and in Washington. _ Not only were 
the dangers of poorly refined oil exposed, but also the entire failure 
of all the safety-oils, safety-lamps, safety-cans, vapor-stoves, etc., and 
patented processes for making naphtha and benzine safe. It was 
shown that, with proper oil, accidents would never occur, while there 
is no method by which bad oil can be used with safety. 

In New York City alone there were, in 1870, a hundred and fifty- 
seven fires knowirto have been caused by kerosene and naphtha, eigh- 
teen per cent/of the whole. There were also twenty-one deaths from 
the same cause, with thirty-nine deaths from clothes taking fire in 
ways not stated. It was estimated that from one to two thousand 
persons were killed annually by these accidents, before the labors of 
Chandler called attention to the cause and indicated the remedy. 

One of his most comprehensive investigations resulted from the 
action of the Board in suppressing the gas nuisance. All the gas 
companies purified their gas by what was called the dry-lime process. 
The foul lime when removed, as it was daily, from the purifiers, dis- 
seminated a stench throughout the entire city. This odor was by 
most citizens attributed to the sewers. When it was fully realized 
that it came from the gas-works, the companies were appealed to, and, 
with one exceptidn, they introduced improvements by which the odor 
was suppressed. One company, however, maintained that no odor 
emanated from their works ; that the odor was not disagreeable ; that 
it was wholesome, as children suffering from whooping-cough were 
brought to breathe it; that they could not avoid making it; and, finally, 
if they did, the gas would be too bad to burn in dwellings. The re- 
sult of these claims was a most elaborate trial before a referee. The 
gas company produced experts and other witnesses to sustain the 
above views, and Professor Chandler combated them with the best 
foreign authorities on gas-making. The evidence was subsequently 
published in the Report of the Board for 1869, and is one of the most 
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complete discussions of gas-purification which has ever appeared. The 
Board decided against the company, and the gas nuisance ceased. 

As President of the Health Department of New York, Professor 
Chandler has held a most responsible position for the past six years. 
During this time he has had associated with him in his work Dr. 8. 
O. Vanderpoel, the Health Officer of the Port, and Dr. Stephen Smith 
for the first two, and Dr. Edward G. Janeway for the past four years. 
These men have always worked in complete harmony. 

The present Board of Health was organized under the charter of 
1873, which was a modification of that of 1870, which abolished the _ 
Metropolitan Board. This latter was established in 1866, and a very 
perfect system of sanitary legislation and supervision was inaugurated 
by the health laws of that year. The Sanitary Code of New York 
was the first result of that: legislation. New enactments have been 
made from time to time, and it is believed that New York City now 
possesses a more extensive and perfect system of sanitary supervision 
than any other city in America or Europe ; and its laws and code, as 
well as its work in general, have been made the model for similar 
work throughout the country. When the present Board organized, it 
adopted a thorough civil-service system, and there has not occurred a 
single instance since that time in which it has been departed from. 
Dr. Chandler’s first labors in 1873 were directed to the purification of 
the atmosphere of New York, and his first summer was spent in the 
most active warfare on all kinds of stench-producing trades. 

The war was not confined to the land, as a naval engagement oc- 
curred on more than one occasion. At last there were no odors left 
save those which were wafted across the East River from Newtown 
Creek and Hunter’s Point, and which the Board of Health was dili- 
gently combating when the farce of the indictment of its members 
was enacted by the grand jury. 

Judge Sutherland promptly quashed the indictment on the ground 
that neither a moral nor a legal excuse existed for it. That the 
Health Board was not inactive is’ shown by the fact that suits were 
brought against the city for nearly five hundred thousand dollars for 
their acts in suppressing nuisances in 1873 and 1874; and that the 
members acted with judgment is shown by the fact that in every one 
of these suits they were victorious. 

One of the most creditable acts was the removal of the two-story 
structures, which had been erected over the half of the roadway of 
the public streets adjacent to Washington Market, and almost entirely 
surrounding the block which the market occupies. Every effort had 
been previously made by other boards to remove them, but in vain. 
After exhausting every other method, the Board of Health in 1873 
decidgd to use force, and one, quiet summer evening Dr. Chandler led 
an army of one hundred and fifty carpenters and laborers, three hun- 
dred policemen, and a corps of surgeons to the market, and before 
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morning the entire line of buildings was leveled, and one of the most 
outrageous abuses that had grown up under political protection was 
abolished. 

Among the numerous sanitary reforms secured by the present 
Board of Health, may be mentioned the system of gratuitous house- 
to-house vaccination established in 1874, which has already resulted 
in vaccinating over 360,000 persons, and the complete suppression of 
small-pox ; the reform in the construction of tenement-houses ; the 
employment of a special corps of fifty physicians during the five hot 
and damp weeks which occur in the latter part of July and the early 
part of August, and which were formerly so fatal to infants, killing 
sometimes eight hundred or one thousand in a week. The physicians 
make a house-to-house visitation, prescribe for the sick children, sup- 
ply medicines, and distribute printed directions among the mothers. 
- The Health Department in its varied work of recording the marriages, 
births, and deaths, preventing and caring for contagious diseases, dis- 
infecting, sanitary inspection, and the abatement of nuisances, meat 
and milk inspection, employs a corps of one hundred and thirty men, 
besides the special summer corps of fifty physicians and the fruit-in- 
spectors and extra disinfectors—requiring an annual appropriation of 
$250,000. The return for this large expenditure is seen in the remark- 
able improvement in the public health. In 1866, fifty-three per cent. 
of the total’ deaths were of children under five years of age. This 
percentage has steadily diminished, till it is now less than forty-six, 
which proves an actual saving of four thousand children’s lives in a 
single year, to say nothing of all the sickness prevented in our popu- 
lation of over 1,100,000. 

The sanitary chemistry of water has been s special subject of in- 
vestigation with Dr. Chandler, and he has been relied upon to decide 
important questions with regard to the selection of water for supply- 
ing Albany, Yonkers, and several other cities. He has also been en- 
gaged in several important investigations on the pollution of water by 
factories, and the prevention of boiler incrustations. 
| During the past summer Dr. Chandler was made chairman of a 

committee to draw up a scheme for disinfection, to be adopted by the 
National Board of Health. The other members of the committee were 
Drs. Vanderpoel, Janeway, Henry Draper, Barker, and Remsen. 

Professor Chandler’s most elaborate chemical work has been the 
investigation of American mineral waters. With the aid of his assist- 
ants he has analyzed sixteen of the springs and artesian wells at Sara- 
toga, besides many more sulphur and other springs at Chittenango, 
Florida, N. Y., and elsewhere. 

Dr. Chandler, in connection with his brother, Professor W. H. 
Chandler, of the Lehigh University, started a monthly journal of 
chemistry, called “The American Chemist.” It contained the results 
of many researches, and was a valuable periodical for those engaged 
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in chemical pursuits, but was not a success financially, and, after run- 
ning six years with very considerable loss, it was discontinued. Pro- 
fessor Chandler has devoted much attention to chemical industries, 
and has written and lectured upon them frequently. He is often con- 
sulted by. both manufacturers and the courts in regard to scientific 
questions involved in the arts. 

Dr. Chandler is an effective popular lecturer, having an excellent 
voice, and ‘a clear, direct, and vigorous style of delivery. His sub- 
jects chosen are those of technical and special interest, such as petro- 
leum and kerosene accidents, water-supply, gas-lighting, prevention of 
fires, public health, etc., which are always practically and instructive- 
ly treated. These lectures are of very great value, and, having been 
given in most of our principal cities, have exerted a wide and excellent 
influence. He has also been remarkably active as a writer. The list 
of his scientific papers is very comprehensive. It embraces the results 
of varied original investigations, covering wide ground, and making a 
catalogue too extensive for insertion here. He is the author of numer- 
ous scientific papers, cyclopedia articles, and addresses and reports, 
which have been published in the journals and proceedings of societies. 

Dr. Chandler was President of the Convention that met at Nor- 
thumberland in 1874 to celebrate the anniversary of the discovery of 
oxygen by Dr. Priestley. He published in full the interesting proceed- 
ings and addresses in “The American Chemist.” The success of the 
Northumberland meeting led to the founding of the American Chemi- 
cal Society, of which Chandler was one of the most active projectors, 
and of which he has been a Vice-President from the beginning, having 
refused the regular nomination for President almost every year since 
it was organized. 

Besides the degrees of Doctor of Philosophy and Master of Arts, 
obtained as a student, Professor Chandler has received the honorary 
degree of Doctor of Medicine from the University of New York and 
Doctor of Laws from Union College. He is a life-member of the 
Berlin, Paris, and American Chemical Societies ; he is also a member 
of the National Academy of Sciences, the London Chemical Society, 
the Sociedad Humboldt of Mexico, the American Association for the 
Advancement of Science, the American Philosophical Society, New 
York Academy of Sciences, and several pharmaceutical, sanitary, and 
other societies. 

















THE ORIGIN OF CRIMINAL LAW. 
Messrs. Editors. 
N the able article under the above 
mg, by Mr. W. W. Billson, published 
in your number, I notice the fol- 
lowing: “The law of the Allemans, which, 
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Reaprne the article in the March num- 
ber of “The Popular Science Monthly,” on 
the effects of frost in southern Russia in the 
winter of 1876-77, reminds me of an unu- 
sual phenomenon at Vienna du the same 
winter, There were eleven days of perfectly 
uniform weather, the thermometer sta 
just above in the daytime, with a 
fog, and a very t southerly wind. At 
fiebe it fell to just below, with bright star- 
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SOME FEATURES OF THE INTEROCE- 
ANIC CANAL QUESTION. 


presence of M. Ferdinand de 
Lesseps in this country has pre- 
cipitated the important question of a 
change in our national policy regarding 
an interoceanic canal across the Ameri- 
can Isthmus. 


Let us briefly glance at 








the history of the subject, that we may 
understand the import of the new de- 
parture. 

It is customary to rail at trade as a 
selfish and sordid occupation; but, as 
the laws of human development are 
better understood, it is found that the 
exchange and distribution of the prod- 























ucts of human industry constitute one 
of the most powerful of all agencies of 
social amelioration and the improve- 
ment of the condition of mankind. 
The discovery of America, the greatest 
of all discoveries, may be said to have 
doubled the habitable world, and to 
have opened a new destiny for man 
upon earth; yet it was but an incident 
in the progress of commerce. The 
blind passion for wealth was the im- 
pulse that drove men to the exploration 
of the unknown globe; and, as often 
occurs in investigation, the search for 
one thing led to another of far more 
value and importance. To increase Ori- 
ental trade by finding a new and shorter 
route to the Indies was the object of 
Columbus; he discovered a new land, 
and died in the conviction that it was 
Asiatic, and that he had brought “the 
fabulous wealth of Ind” within the 
immediate grasp of Europe. 

Yet, seven years after the death of 
Columbus, Balboa crossed the Isthmus 
of Darien and discovered the Pacific 
Ocean, So it was not India that had 
been reached, but a new world that 
had been found. The old problem, 
therefore, still remained, how to get to 
the Indies by a western route; but the 
question was now how to find a pas- 
sage through. All navigators were 
alert im quest of a strait that should 
lead inte the Indian Ocean, and the in- 
centive that inspired the enterprise of 
Columbus animated his successors dur- 
ing half a century later. Prescott says 
that the discovery of a new and shorter 
route to the Indies “ is the true key to 
the maritime movements of the fif- 


_teenth and the first half of the six- 


teenth centuries.” 

But, failing to find “the secret of 
the strait,” men of enterprise began to 
think of cutting the knot by opening 
an artificial waterway for ships across 
the American Isthmus. The Spaniards 
led in this project of uniting the oppo- 
site harbors by a canal; and Galvao, in 
1528, proposed to Charles V. to open a 
ship communication between the oceans 
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at Panama. Plans and surveys were 
afterward made for this purpose. In 
1584 Charles V. gave instructions to 
Cortez to seek such aroute. In 1551 
Gomara, author of the “ History of the 
Indies,” proposed three routes, inclad- 
ing Nicaragua. In 1567 Antonelli was 
sent by Philip IL. to explore with ref- 
erence to a ship-canal. In 1795 Wil- 
liam Patterson, founder of the Bank of 
England, and a man of comprehensive 
views, who had possessed himself of an 
extensive and minute knowledge re- 
specting the institutions and commerce 
of foreign countries, obtained the royal 
sanction to a project for colonizing Da- 
rien, one of the objects of the enter- 
prise being to cut a canal through the 
isthmus. The expedition was attempt- 
ed, but proved a disastrous failure. 
During the next hundred years various 
projects were suggested, and explora- 
tions made by citizens of different 
countries with a view of overcoming 
this barrier to navigation; and in 1804 
Humboldt gave a new interest and im- 
pulse to the subject by publishing a 
careful discussion of the relative merits 
of several routes for an interoceanic 
canal. As the commerce of the world 
increased in the early part ‘of this cen- 
tury, the problem became still more 
urgent, and projects for solving it mul- 
tiplied—Spain, France, Holland, Eng- 
land—all the leading maritime nations 
contributing schemes and projectors 
for the undertaking, 

Thus, for three centuries and a half 
the question of piercing the American 
Isthmus has been universally recognized 
as a world’s question, as the common 
interest of all nations, and as open to 
anybody who hed the ability and the 
perseverance to accomplish it. Fortwo 
hundred years before our nation came 
into existence this was the broad view 
taken of the enterprise in all countries; 
and, when the United States first be- 
came interested in the subject, it was 
also 18 a project concerning alike the 
whole civilized world. 

So far as we learn, the first action 
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taken by the American Government 
in relation. to this question was in re- 
sponse to an appeal from the Central 
American Republic. Sefior Canaz, its 
Minister at Washington, in a note ad- 
dressed to the Department of State in 
1825, proposed the codperation of that 
republic with the United States in 
opening a canal through the province 
of Nicaragua. Mr. Olay replied to 
it, and instructed Mr. Williams, then 
our Minister in Central America, to in- 
vestigate the practicability of the Nic- 
aragua route. Through Williams’s in- 
fluence a contract was made with the 
‘Central American Government for the 
construction of a canal through Nica- 
ragua “for vessels of the ‘largest bur- 
den possible.” It was proposed to 
raise a capital of only $5,000,000 for 
the entire work; but even that amount 
could not be obtained. 

The Central American Government 
then applied to Holland for codperation, 
and a Dutch company was formed in 
1880 to construct the canal ; but owing 
to European political disturbances it 
could not carry out its agreement, and 
the Centra] American Republic renewed 
its application to the United States as 
the country that should naturally have 
the preference. 

The project was again brought up 
under Jackson’s Administration, and in 
1831 Mr. Livingston, Secretary of State, 
instructed Mr. Jeffers, American chargé 
in Central America, as follows: “You 
will endeavor to procure for the citi- 
zens of the United States, or for the 
Government itself, if Congress should 
deem the measure constitutional and 
proper, the right of subscribing to the 
stock; and you will, in either case, 
present and transmit such plans, esti- 
mates, and other information relative 
to the projected work as may enable 
us to judge of its feasibility and impor- 
tance.” 

Four years later, on the 8d of 
March, 1835, the Senate of the United 
States adopted the following broad and 





President of the United States be re- 
spectfully requested to consider the ex- 
pediency of opening negotiations with 
the governments of other nations, and 
particularly with the Governments of 
Central America and New Granada, for 
the purpose of effectually protecting, 
by suitable treaty stipulations with 
them, such individuals or companies 
as may undertake to open a communi- 
cation between the Atlantic and Pacific 
Oceans by construction of a ship-canal 
across the isthmus which connects 
North and South America, and of se- 
curing for ever, by such stipulations, the 
free and equal right of navigating such 
canal to all such nations, on the pay- 
ment of such reasonable tolls as may 
be established to compensate the capi- 
talists who may engage in such under- 
taking to complete the work.” 

Again, four years later, in 1889, the 
American House of Representatives 
adopted a resolution réaffirming the 
ground taken by the Senate, and re- 
questing the President to consider the 
expediency of negotiating with other 
nations “for the purpose of ascertain- 
ing the practicability of effecting a 
communication between the Atlantic 
and the Pacific Oceans by the construc- 
tion of a ship-canal across the Isthmus, 
and of securing for ever, by suitable 
treaty stipulations, the free and equal 
right of navigating such canal to all 
nations.” 

The same policy was even more 
broadly and emphatically announced 
by the United States Government in 
1850, in the Clayton-Bulwer Treaty. 
That convention contains the following 
declarations : 

“The Governments cf the United 
States and Great Britain hereby de- 
clare that neither the one nor the other 
will obtain nor maintain for itself any 
exclusive control over said ship-canal ; 
agreeing that neither will ever erect or 
maintain any fortifications commanding 
the same or in the vicinity thereof, or 
occupy, or fortify, or colonize, or as- 


liberal resolution: “ Resolved, That the | sume or exercise any dominion over 
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Nicaragua, Costa Rica, the Mosquito 
Coast, or any part of Central America ; 
nor will make use of any protection 
which either affords or may afford, or 
any alliance which either has or may 
have to or with any state or people 
for the purpose of erecting or main- 
taining any such fortification.” More- 
over, that “ vessels of the United States 
or Great Britain traversing the said 
canal shall, in case of war between the 
contracting parties, be exempted from 
blockade, detention, or capture by either 
of the belligerents ; and that this prom- 
ise shall extend to such a distance from 
the two ends of the said canal.as may 
hereafter be found expedient to estab- 
lish”; that “they will guarantee the 
neutrality thereof, so that the said canal 
may for ever be open and free”; and 
that they “ will invite every state with 
which both or either have friendly in- 
tercourse to enter into stipulations with 
them similar to those they have entered 
into with each other.” 

This is solid American ground. 
These deliberate and explicit declara- 
tions of both Houses of Congress and 
of the treaty-making powers of Govern- 
ment must be taken as expressing the 
national conviction—1. That the con- 
struction of a canal at the American 
Isthmus is an open project to be entered 
upon by any “ capitalists,” “‘ individu- 
als,” or “companies” that may under- 
take it; 2. That it is a great interna- 
tional work to be under the joint con- 
trol of the nations; and, 3. That the 
international protectorate is to be se- 
eured by treaty arrangements which it 
is proper for the President of the United 
Statés to initiate. 

This is the just and honorable his- 
toric position of the American Govern- 
ment, and, as we may fairly assume, of 
the American people, in relation to this 
great enterprise. It is a definite and 
explicit line-of public policy which has 
been variously and repeatedly pro- 
claimed without protest or dissent. We 
have recognized the great desirableness 
of the interoceanic canal for this coun- 
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try, and its importance to the world; 
and we have pledged the faith of the 
republic to codperate with other nations 
in affording international security to 
whatever individual or company would 
carry out the work. 

Ferdinand de Lesseps now comes for- 
ward and offers to construct the canal, 
He is no dreamer, but a man of action. 
He has had experience in this work, and 
means business. Fortified by the al- 
most unanimous approval of a large 
convention, which represented the best 
engineering skill of the age, he has de- 
termined the plan and route of a canal 
that he thinks will best meet the de- 
mands of the future ; and stakes his repu- 
tation upon its practicability. M. de 
Lesseps’s character gives seriousness to 
the proposition, and probably brings 
the measure nearer a practical realiza- 
tion than it has ever been before. It 
is a question that can not much longer 
be postponed. 

And now come grave intimations 
that the American Government is to 
reverse its historic policy on the Isth- 
mian Canal question. The honorable 
and consistent ground it has hitherto 
maintained is to be abandoned, faith is 
to be broken, pledges repudiated, and 
treaties abrogated. The canal is not 
to be controlled by international law, 
and the codperation of maritime na- 
tions, but it must be exclusively con- 
trolled by the United States. Whoever 
makes it, and whoever pays for it, we 
are to séize it and hold it whenever we 
please. A select committee of the 
House of Representatives on the Inter- 
oceanic Canal has unanimously recom- 
mended the immediate adoption of the 
following joint resolutions: 


Be it resolved by the Senate and House of 
Representatives of the United States of Amer- 
ica in Congress assembled : 

That the establishment of any form of pro- 
tectorate of any one of the Powers of Europe 
over the independent states of this continent, 
or the introduction from any quarter of a 
scheme or policy which would carry with it a 
See nee oes er 

their concerns, or to control in any other man- 








ner their country, or to transfer to any such 
Power, by conquest, cession, or acquisition in 
any other way, of any of those states, or any 
portion thereof, is a measure to which this 
Government has, in the declaration of Presi- 
dent Monroe, in his message of December 2, 
1828, and known as the “ Monroe doctrine,”’ 
avowed its opposition ; and which, should the 
attempt be made, it will regard and treat as 
dangerous to our peace, prosperity, and safe- 


7» Beslood, That tis the interest and right 
of the United States to have the possession, 
direction, control, and government of any 
canal, railroad or other artificial communi- 
cation to be constructed across the isthmus 
connecting the American Continents, for the 
transfer of vessels and cargoes from the Ca- 
Sea to the Pacific Ocean, whether the 

built or constructed at- Panama, Nica- 

x la, or elsewhere ; and, in view of the mag- 
nitude. of this interest, it is the duty of the 
United States to insist that, if built, and by 
the same may be commenced, 
prosecuted, or completed, and whatever the 
i actheey eerie aie 
their capital, the interest of the United 

- Sesaali their right to possess and control 
the same will be asserted and maintained, 
whenever in their opinion it becomes neces- 


sary. 

8, And be it further resolved, That the Pres- 
ident be requested to take the steps necessary 
and proper for the abrogation of any existing 
treaties whose terms are in conflict with this 
declaration of principles. 


There is, of course, no mistaking 
the significance of the position here 
taken. Whoever constructs the canal, 
and wherever the money comes from, 
this nation is to take possession of it 
and to maintain it. The newspapers 
have prepared us for this by declaring 
that the canal must be ours even at the 
cost of war, and though it. be neces- 
sary to raise armies and navies to fight 
the whole world. Even so grave a 
journal as “The Nation” declares, and 
reaffirms in a subsequent issue, “‘ Wher- 
everand whenever it [the canal] is con- 
structed it will become the most sensi- 
tive and vital part of our interstate and 
international commercial system, and we 
must be prepared to protect it from the 
evil of local revolutions and foreign ag- 
gression, to seize it when necessary, and 
successfully defend it against the two 
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greatest naval powers in the world. The 
completion of sach a canal involves, 
therefore, the creation and maintenance 
of a naval force in the Atlantic and Pacif- 
ic capable of contending with that of any 
possible European combination.” And 
here comes the “ New York Tribune,” 
formerly the champion of peace, indus- 
try, and the ascendancy of civil rule, 
but now viewing the Interoceanic Canal 
as first of all a question of war. Inter- 
national law, the honor of governments, 
and mere paper protectorates are dis- 
paraged, and our policy is proclaimed 
to be “ the erection of American forts, 
manned by American soldiers, at the 
two mouths of the canal.” 

The pretext for all this is the ‘‘ Mon- 
roe doctrine,” reaffirmed in the first 
of the above resolutions. Let us see 
what this doctrine is, and how it has 
been perverted to base ends for which 
it was never designed. 

When the career of Napoleon end- 
ed, and the legitimate kings of Europe 
were again restored to their thrones, 
there came a reaction in favor of 
“ strong governments,” that is, govern- 
ment by despotic coercion in opposition 
to free constitutional governments. This 
resulted in a propagandism of tyran- 
nic rule. A Holy Alliance was formed, 
embracing Russia, Austria, Spain, Prus- 
sia, and France, which, under pietistic 
pretenses, aimed at the repression of 
free institutions. The spirit of revolt 
against Old-W orld despotism had spread 
widely in Central and South America; 
and Venezuela, New Granada, Mexico, 
Colombia, Peru, Guatemala, and Brazil 
had declared themselves free and inde- 
pendent, It was in the programme of 
the Holy Alliance to regain control 
over the revolted American colonies, 
and reéstablish the European system. 

In this enterprise England did not 
join, nor did she at all approve of it. 
Mr.. George Canning, the English 
Prime Minister, called the attention of 
the United States to the Continental 
plots, and asked if this Government in- 
tended to allow the subjugation of the 



























EDITOR’S TABLE. 


American republics by foreign Powers. 
In his next message President Monroe 
said : 

We declare that we should consider any 
attempt [of the allied Powers) to extend their 
system to any part of this hemisphere as dan- 
gerous to our peace and safety. . . . With the 
governments who have declared their inde- 
pendence and maintained it, and whose in- 
dependence we have on great consideration 
and on just principles acknowledged, we 
could not view any interposition for the pur- 
pose of oppressing them or controlling, in any 
manner, their destiny by any European Pow- 
er, in any other light than as the manifesta- 
tion of an unfriendly disposition toward the 
United States. 


This was a courageous and timely 
and most proper declaration, and it had 
its effect: the Continental despotisms 
abandoned their projects of interfer- 
ence. A revived Napoleon, indeed, re- 
vived the experiment in the case of Max- 
imilian of propagating the European 
system on this continent; but it quick- 
ly ended in disaster, carrying Napoleoh 
himself with it and turning France into 
a republic. 

The emergency which called forth 
the declaration of this doctrine having 
passed away, it has since been used as 
mere political stock buncombe to cover 
unscrupulous projects which could not 
be openly and honestly defended, At 
first. an expression of national dignity 
and justice in defense of the rights of 
the weak, it has been made the excuse 
for subverting the very objects it was 
designed to promote. Conceived and 
promulgated in the interests of freedom, 
it has been villainously pressed into the 


interests of slavery. When there was 


apprehension that Spain might in some 
future contingency give liberty to the 
blacks of Cuba, and thus endanger the 
American slave system by the contagion 
of moral example, the Monroe doctrine 
was invoked to forestall the humane 
possibility. Buchanan, of Pennsylvania, 
and Mason, of Virginia, fulminated the 
“Ostend Manifesto” to prevent “ for- 
eign interference on this continent,” 
that slavery might be perpetual ; and 
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this in the name of the Monroe pol- 
icy. 

And now it is proposed again to per- 
vert the Monroe doctrine to an end nev- 
er dreamed of by its promulgators, and 
in point-blank subversion of its legiti- 
mate objects. We have already shown 
that, promptly following the Monroe 
declaration, came Oongressional instruc- 
tions to the President to open negotia- 
tions with other nations for the en- 
couragement of all canal-constructors. 
It was then well enough understood 
that the Monroe doctrine was declared, 
to stop the extension of political despot- 
isms, not to stop the free and beneficent 
extension of commerce. It was to pre- 
vent aggressive interference with young 
and feeble republics on this continent, 
that they may take their equal and in- 
dependent place among the nations. In 
the exercise of its national rights thus 
affirmed, the Republic of Colombia has 
entered into arrangements to avail itself 
of foreign enterprise in constructing a 
canal through its territory. And now, 
forsooth, the loud proclaimers of the 
Monroe doctrine of non - interference 
propose to violate the principle by in- 
terfering with the right of Colombia to 
openacanal. The principle of the Mon- 
roe doctrine is not capable of any such 
application ; it is the very bulwark of 
De Lesseps’s enterprise. Originally de- 
signed to guarantee to Colombia her 
sovereign rights over her own soil, it 
now becomes a hypocritical pretext for 
invading and crushing her nationality. 

Slavery and war are the surviving 
scourges of barbarism. The Monroe 
doctrine, having been used. to fortify 
and prolong the curse of slavery, is 
now to be used to multiply the curses 
of war, and of war against the progress 
of peace-promoting commerce. 

The sham reasons for defeating De 
Lesseps being out of the way, there is 
little difficulty in getting at the real 
motives of hostility to his project, as 
evinced by a large portion of the press 
and embodied in the Congressional res- 
olutions. There are powerful rival in- 


FT NPR Ie ROE WE > 












PE Gee 


oe aaa 


up 
es 
- we 


848 THE POPULAR SCIENCE MONTHLY. 


terests opposing him, which do not 
scruple in the use of false pretenses to 
. Stir up jealousy and prejudice in the 
public mind to defeat his enterprise. 
The Pacific Railroad managers of course 
oppose further facilities of transconti- 
nental communication ; and no one can 
question that they are at the bottom 
of much of the hostility to the canal 
which has found expression in the 
newspapers. Their case was lately pre- 
sented in a very candid way by the 
“ New York Evening Mail” as follows: 
“The people and the Government of 
the United States have made a tremen- 
dous investment in transcortinental 
railways, that not only bind the Atlan- 
tic and Pacific slopes together, but give 
to the commerce of Europe new and 
swift channels of communication with 
the East. In the midst of the terrible 
uncertainties and fabulous expenditures 
of civil war, American enterprise, lav- 
ishly aided by the Government, under- 
took the gigantic task of railway-build- 
ing across the continent. While all 
branches of industry are still burdened 
by the taxation imposed duriig this 
heroic period, is it quite time for us to 
favor opening a water-way across the 
isthmus that would, when completed, 
become a serious rival for the business 
that is now partly and gradually recom- 
pensing our Government and people? 
And is it wise at present to aid in open- 


ing a channel that will be used by for- | 


eign vessels to drive our traffic from 
the Pacific, as it has been driven from 
the Atlantic? Are we not entitled to 
a considerable period of opportunity 
for reaping the advantages of our cost- 
ly overland railways, and of the ocean 
commerce that has been stimulated into 
& great growth by those railways?” 
There is another class of busy opera- 
tors who are eager for a canal, but in 
their white-hot patriotism can not en- 
dure the thought of its construction by 
a “foréigner.” It must be a purely 
American affair, in the hands of Ameri- 
can contractors, American engineers, 
and the American Government. So 





“big a thing,” with “ millions in it,” 
they think belongs to Americans. And 
who doubts that in the hands of our 
business experts it would prove such a 
bonanza of jobbery, such a placer of 
plunder as this continent has never 
seen! Where, indeed, should the series 
of railroad jobs, of court-house jobs, of 
State “ Capitol” jobs, culminate, if not 
in a canal costing indefinite hundreds 
of millions, with indefinite time to build 
it, with the national Treasury to back 
it, and so far away as to defy responsi- 
bility! And who doubts that those 
“interests” have been vigilant and ac- 
tive im manufacturing that opposition 
to De Lesseps which has taken embodi- 
ment in the late Congressional resolu- 
tions? 

In an article contributed by M. de 
Lesseps to the “North American Re- 
view” he says: “It is because the 
French law is more severe in enforcing 
the responsibility of directors, thereby 
tore perfectly protecting the rights of 
shareholders, among whom the United 
States should be included, that it has 
been proposed to organize the company 
under the French law.” Could there 
be a more valid reason for the enter- 
prise being an abomination in the eyes 
of our “smart American operators,” 
than the fact that the rights of the 
shareholders would be protected? It 


is well understood that the experiences. 


of our transatlantic friends in certain 
of our railroads, our mines, and our 
repudiated bonds, have led them to be 
very chary of irresponsible American 
investments, and that the clamor about 
the Monroe doctrine and our filibuster- 
ing designs is intended to frighten away 
foreign capital from the enterprise of 
M. de Lesseps. 

The sharpers, adventurers, and plot- 
ting speculators of the country are a 
unit against the construction of the 
Panama Oanal by the man who has con- 
structed the Suez Canal, and who defies 
the world to show that a centime of 
the funds contributed to it was misap- 
propriated or stolen. Those schemers 
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are well practiced in the arts of hood- 
winking the public and of managing 
Legislatures. Will they be able to force 
the American Congress to repudiate 
the most honorable part of the nation’s 
historic policy ? 





CONDINMIONS OF EDUCATIONAL RE- 
FORM. 


A correspoypent from Ann Ar- 
bor, Michigan, wants something more 
explicit and practical from the “ Month- 
ly” on the subject of scientific educa- 
tion. He says: “Oan not you throw 
a little more light upon the best col- 
legiate course of education for a young 
person who designs entering one of the 
professions of law or medicine? You 
constantly refer to the value of science 
as a factor in education and as often 
vigorously protest against the old or the 
present classical courses; now, can not 
you help many who have children to 
educate, by pointing out the best, 
course? This is a practical question, 
brought home to thousands of your 
readers, and it presses upon them for 
solution. Oan not we have something 
more than glittering generalities, and 
which will be a guide to those needing 
the information? Is it not time, in 
fact, to formulate the best co’ and 
to give in detail and in logical 
order the studies best fitted for the 
proper development of the faculties?” 

We often have communications like 
this from zealous and impatient educa- 

teformers, who think there has 
enough about scientific edu- 
cation, and that it is high time some- 
thing were done. But they expect too 
much, and are looking for impracticable 
things. It is a great mistake to sup- 
pose that the object here sought is any- 
where to be at onee and fully attained. 
The idea will be slowly and partially 
realized wherever there is a sufficient 
number of persons in any community 
imbued with the proper convictions 
and feelings to carry it into effect. 
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and there will be concessions and im- 
provements just in proportion to the 
strength and persistence of the demand _ 
forthem. Our schools, at present, fair- 
ly represent the average intelligence 
and aspiration, and are as good as the 
people can appreciate or will sustain. 
A portion of the community—and the 
numbers are increasing—insist upon 
more time for science in the lower 
schools, and more science in place of 
the classics in the higher schools: both 
requirements have already been wide- 
ly yielded. There is a larger provision 
than formerly in many primary schools 
for elementary science; and the mul- 
tiplication of scientific schools in con- 
nection with colleges, or independently, 
and the modification of the old curricu- 
lum with better chances for science in 
many other institutions attest a saluta- 
ry change in obedience to the growing 
wants. As the public demand becomes 
more discriminating and urgent, insti- 
tutions will improve. 

The line of progress, therefore, con- 
sists in making existing schools better. 
They are not to be displaced, but liber- 
alized, and the culture they give made 
more useful and valuable. There would 
be no difficulty in forming a rational cur- 
riculum, but public ignorance, educated 
and otherwise, has to be reckoned with 
in carrying it out, because schools have 
to be supported. The principles of a 
better education than we now have are 
sufficiently understood, and the men are 
not wanting who could give a receipt 
for making a college much superior to 
those now in operation. But, if our 
correspondent had furnished him a 
perfect ideal plan, and the whole Johns 
Hopkins endowment to execute it, he 
would break down in getting his teach- 
ers and trustees, and his establishment 
would fall to the level of what could be 
publicly approved. If he merely wants 
help to construct a liberalized modern 
curriculum, he will find abundant ma- 
terials in such works on education as 
those of Spencer, Bain, and Johnnot. 

But there is a good deal of prelimi- 
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nary work to be done before any such 
ideal can be embodied, and this is the 
very practical work of enlightening 
public opinion so as to bring it to bear 
in improving the existing educational 
system. There are great impediments 
to change. Institutions are conserva- 
tive, and tend to assimilate and subju- 
gate the men who officer them. The 
noisy reformer is generally quenched 
by an appointment. His ideals are 
dissipated in the presence of refractory 
facts. A great machine system of pub- 
lic instruction, established by the State, 
and supported by general taxation, is 
' too strongly intrenched to be easily 
altered. It resists improvement by the 
inertia of established habits, by official 
sluggishness, and a foolish pride that 
will not acknowledge defects. That 
upon which millions have been spent, 
and out of which thousands get a living, 
is sure to be strenuously defended and 
carefully conserved. Reform mast be 
forced from without, and nothing but 
a better instructed public opinion can 
give us better schools. 





LITERARY NOTICES. 


THE INTERNATIONAL SCIENTIFIC SE- 
RIES, NO. XXVIIL 


Tue Orayrisa: An Introduction to the 

oy WRG a Illustrations. 

. H. Hoxiey, F. R.S Pp. 371. 

ew York: D. Appleton & Co. Price, 
$1.75. 


Tue purpose of this book will probably 
be better brought out by an inversion of 
the title so that it shall read, “The Study 
of Zodlogy as exemplified in the Crayfish.” 
The work is a contribution to scientific edu- 
cation in the biological field, and conforms 


to the modern and now well-settled method | © 


of passing from the study of concrete de- 
tails to the investigation of general princi- 
ples. Instead of beginning with proposi- 
tions which are the outcome of past inquiry 
concerning living things as a whole, the stu- 
dent, on the other hand, commences by 





making himself familiar with some one par- | 


ticular organism, and, having mastered the 
elementary facts by direct acquaintance and 
actual knowledge, he then uses this knowl- 
edge in extending the range of his studies 
to other organisms and their relations in 
the animal kingdom. Professor Huxley has 
taken the crayfish as the creature best suited 
for the accomplishment of this object. The 
information in relation to it is full and val- 
uable, but the book has not been made 
merely as a monograph on the natural his- 
tory of this crustacean. Its aim is to lead 
the student through a large portion of the 
field of scientific biology, in such a way that 
he will certainly and thoroughly know the 
subject ; and the crayfish is chosen to attain 
this end because, all things considered, it is 
the best-fitted animal to do this. It would 
be misleading to represent this book as in 
the ordinary sense a popular one. It un- 
doubtedly contains a good deal of informa- 
tion pertaining to natural history which will 
be read with general interest, but it was the 
well-defined purpose of the author in its care- 
ful preparation to make a book for biological 
students that should introduce them aright 
to the pursuit of their science, and, as the 
author says, they-can only gain its intended 
advantages by going through the volume, 
“crayfish in hand.” Immense labor has 
been bestowed upon the work in bringing it 
into its proper, simplified, and thoroughly 
methodical shape, and no doubt Professor 
Huxley could have written a work for the 
“ International Series” with half the effort 
he has here expended. But he has chosen 
to avail himself of this channel of communi- 
cation with different countries to give a new 
impulse and higher direction to the study 
of that comprehensive and most important 
science to which he has devoted his life. 
Mere book-education and half-knowledge he 
would, no doubt, admit to be better than 
nothing, but he would maintain that they 
are only tolerable as they tend to prepare 
for genuine and solid scientific acquisi- 
tions. 

Huxley’s “ Crayfish ” will at once become 
the text-book of classes which desire to en- 
ter the field of natural history by the right 
path ; and it may be very strongly recom- 
mended to groups of young people forming 
clubs or voluntary classes to pursue the 
study by the method of self-instruction. It 
isa book, indeed, better suited than any 
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other we know for any young person, with 
a teacher or without, who wishes to get a 
right start in cultivating this branch of sci- 
ence. 


Tae Rervration or DARWINISM AND THE 
Converse Tusony or DrveLormenr ; 
BASED EXCLUSIVELY UPON DaRwin’s 
Facts. By T. Warren O’New1, Mem- 
ber of the "Philadelphia Bar. Philadel- 
phia: J. B. Lippincott & Co. Pp. 454. 
Price, $2.50. 

Opposttz in every respect to Huxley's 
book is this volume of Mr. O'Neill upon an 
aspect of the same subject. Huxley’s idea 
is that, when a man makes a biological 
book, he ought really to know something 
about the matter—to know it at first hand 
independently and authoritatively, But 
this man, who comes forward to put an 
end to Darwin, has no scientific credentials, 
but, quite the contrary, he reports himself 
as a member of the bar. That is, he is an 
advocate, a professional hireling, who first 
gets a fee and then argues accordingly. 
His vocation is not to search for trath by 
the methods of science, but to win cases by 
the. methods of law-practice. Mr. O'Neill 
comes into biology as an attorney who pro- 
poses to show what dialectics is capable of 
by refuting Darwin with his own facts, and 
showing how he can work them all back- 
ward and establish a converse theory of 
development. 

We gather, from a very hasty glance at 
his book, which is all that it is worth, that 
the author’s position is this: He assumes 
the exploded doctrine of the fixity, or what 
he calls the normal immutability, of spe- 
cies—the old traditional doctrine that pre- 


winian facts, is but a kind of atavism or 
reversion upward toward the recovery of 
lost characters. The book is ingenious 
from the lawyer’s point of view, aud makes 





Another book is promised by the author, 
and meantime we recommend the present 
one to all young law-students, that they may 
see what they are in danger of coming to. 


Mrxwesora, under 

of Mr. N. H. Wixcmetx. 1879. Pp. 128. 

Tus survey was conducted during 1878 
in the northern part of the State, and was 
devoted principally to the examination of 
the coast-line of Lake Superior from Duluth 
to the Pigeon River, for geological and litho- 
logical data. It was intended to give espe- 
cial attention to mining interests, but very 
few persons were found to have any concern 
in them, and no actual mining is now done 
in the State. The zodlogical and botanical 
investigations were kept in abeyance, or car- 
ried only so far as possible without much 
additional expense. The ornithological sec- 
tion made, however, satisfactory progress, 
and a good account is given in the report of 
the plants of the northern shore of Lake Su- 
perior. A paper is appended by Mr. CO. L. 
Herrick on the microscopic Entomostraca of 
the State, with twenty-one full-page plates 
of illustrations ; the first attempt, the author 
believes, that has been made to describe 
these little crustaceans as a class. 


Tae Kansas Review. Vol. 1, No.1. No 
vember, 1879. Monthly. 75 cents per 


year. 
Tas succeeds the “ Kansas Collegiate ” 
as the periodical of the students of the Uni- 
versity of Kansas. Its scope will be more 
general than that of its predecessor; and it 
begins by having something to say on scien- 


a Vol iNe i J 
o. 1. 

idk Po. 100. a 

Tus is a new periodical, of prepossess- 
ing appearance, published by the A. Roman 
Publishing Company at San Francisco. The 
first number offers a varied list of articles, 
among which “The Pacific Coast and Geo- 
detic Surveys” and “ Physical and Moral 
Influence of the Vine” are of scientific in- 
terest. 
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ak Se 
ERS, ‘ackarD, Jr., M. D., 
Ph. D., of Zodlogy in Brown 

University. With numerous Illustra- 

tions. New York: Henry Holt & Co. 

Pp. 719. Price, $3. 

Dr. Packarp has produced a superior 
text-book for the use of zodlogical students. 
It is considerably fuller than the ordinary 
manuals, and provides for pretty thorough 


eral reader will find much in it to interest 
him, but it has been prepared for the advan- 


carried a few steps into the science itself. 
The work opens with a discussion of the 
question of mind as a function of the organ- 
ism, in which the distinctive views of Mr. 
Lewes, as to the nature of mind and its rela- 





Reap. ; and logic of feeling” occupies the author in 


the second problem of the work, and the 
like domain of intellect and the logic of 
signs is considered in the fragment of the 
remaining problem. Like all the works of 
this series, the present has the fault of too 
great diffuseness and unnecessary repetition, 
but it contains much that is valuable, many 
suggestive hints, and a good deal of strong 
thinking. Any examination of the positions 
taken by the work, or of their relation to 
the teachings of other psychologists, is im- 
possible here, and nothing further need 
therefore be said save that students, to 
whom the subject is of interest, will find 
this, as all his other works, interesting 
throughout, and the exposition remarkably 
lucid. 


| Tux Youncer Eppa. With an Introduction, 


Notes, Vocabulary, and Index. By R. B. 


ANDERSON, i : 8. C Griggs & Co. 
1880. Pp. son Peles $2. 


Most people know something of the 
mythologies and traditions of Greece and 
Rome, of India and China; but few know 
anything of those of our Teutonic ancestors, 
the Norsemen. To bring before English 


| readers the chief features of the theory of 


creation of these northern peoples, Professor 
Anderson has undertaken the translation of 
“The Younger Edda” of Iceland, contained 
in this volume. Together with “The Elder 
Edda” this forms a complete system of 
things. “The Elder Edda presents,” says 
Professor Anderson, “the Odinic faith in a 
series of lays or rhapsodies,” while “The 
Younger Edda contains the systematized 
theogony and cosmogony of our forefathers. 
The two constitute, as it were, the Odinic 
Bible.” The translation is accompanied 
with very full notes. 


Exementary Lessons on Sovunp. ‘By Dr. 
W. H. Sronz. London: Macmillan & 


Co. 1879. Pp. 188. Price, 80 cents. 


Is this little volume are given briefly 
the main facts of acoustics, with special 
regard to their relation to music, besides 
information that is properly intermediate 
and supplementary to both acoustics and 
mousic. It is clearly written and contains in 
a small compass a large amount of infor- 
mation. 
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A Dictionary or German TERMS USED IN 
Mepicixe. By Gzoncz R. Ovrrer, M. 
D., Su of the New York Eye and 
Ear ary, Ophthalmic and Aural 
Surgeon to the St. Catherine’s and Wil- 
liamsburg Hospitals, etc. New York: 
G. P. Putnam’s Sons. 

Tue student of scientific works written 
in foreign languages encounters many diffi- 
culties in the technical terms. They are 
not given in the ordinary dictionaries, or, if 
they are, it is as common words with com- 
mon meanings, and not with any view to 
scientific correctness. The terms of Ger- 
man science are formed by the composition 
of native roots, and have no analogous 
forms in the scientific terms of other lan- 
guages, and thus frequently offer a double 
difficulty. The meaning may be thought 
out, but it is often with risk to accuracy. 
In the absence of any German medical dic- 
tionary corresponding to Dunglison’s dic- 
tionary, Dr. Cutter has been in the habit for 
twenty years of writing down the technical 
terms he met, and their definitions when 
they could be ascertained. He now pub- 
lishes the results of these labors in this 
volume of three hundred double-columned 
pages of words and their definitions. Its 
value does not have to be proclaimed. 


Tarovocy anp Myrmotocy. An 

into the Claims of Biblical Inspiration 

and the Supernatural Element in Reli- 

gion. By Atrrep H. O’Donogavs. New 

York: Charles P. Somerby. Pp. 194. 

Price, $1. 

TueoLocy and mythology in this work 
are ranked together, and the writer main- 
tains that they are both to be outgrown 
with the progress of knowledge. His point 
of view is thoroughly naturalistic; but the 
author protests that his book is written in 
no spirit of hostility to the religious senti- 


Porutar Romayces or rae Mippie Aazs. 
By Sir Gzornez W. Cox and E. H. Jonzs. 
First American from second English 
edition. New York: Henry Holt & Co, 
1880. Pp. 505. Price, $2.25. 

Tus is a book of old medieval legends 
and stories, the authors of which nobody 
knows anything about, and which have been 





revamped and thrown into the modern mar- 
ket. It is claimed that there is consider. 
able new matter about Arthur and his 
Knights, and that the whole contents have 
undergone revisiou so as to make them ac- 
ceptable to the taste of the readers of these 
times. The book contains the story of 
Merlin, Sir Tristram, Roland, Bewulf, Guy 
of Warwick, the Volsungs, and many others, 


lar En’ . Edited by ©. V. 
and A. & , Ww D. 


Published by Max J uber, 323 
Pearl Street, New York. Vol. L, N 


mologist.” It will be, as it was before, 
practical and popular, and devoted not to 
entomology alone, but also to other branch- 
es of science so far as they are collateral 
or related to entomology. Arrangements 
will be made for the publication of local 
lists and purely descriptive matter as it 
may be furnished, without encroaching upon 
the space devoted to matter of general in- 
terest. 


Tae American Mowruty Microscoricat 
JournaL. Conducted by Romyn Hitch- 
cock, F.R.M.8. Vol L, No.1. Janu- 
ary, 1880. Pp. 20. §1 a year. 

Tuts takes the place of the “ American 
Quarterly Microscopical Journal,” and is in- 
tended to be an authoritative and trustworthy 
periodical for all persons interested in mi- 
croscopy. Among the subjects which will 
be treated of at an early date is the detec- 
tion of adulterations in food, and a transla- 
tion of Eyferth’s “Simplest Forms of Life,” 
by the editor, is promised. 


millan & Co. 1879. Pp. 228. Price, $1. 

Tuts is an attempt to give in a concise 
form the outline of the science of econom- 
ics as laid down by Mr. Mill, and as im- 
proved by writers since his time. It con- 
sists of a consideration of the laws of the 
production and distribution of wealth ; such 
subjects as banking, foreign trade, and tax- 
ation being reserved for a future volume. 








have expressed a different opinion, and M. 
_ Daubrée, of Paris, is in doubt. The pres- 
ent treatise describes the special studies of 
the author upon different specimens of the 
fron, and the conclusions he has derived 
from them. The iron is found inclosed in 
solid blocks in the mass of the dolerite. It 
is of different degrees of purity, some of 
the specimens being malleable and contain- 
ing from 80 to 93 per cent. of metal, and oth- 
ers composed of the oxide, or of iron mixed 
with dolerite. From careful analyses of the 
specimens and an investigation of their con- 
stituents and surroundings, Mr. Smith comes 
to the conclusion that the iron can not be 
of meteoric origin, but is of terrestrial 
production, and originated in the secondary 
age. 


Dr age eg prs MENSCHEN-GESCHLECH- 
of the Human 


Dr. Apetricn Srermacn, of 
New York Basel, Switzerland : Benno 


RS 
first to appear, is intended to be the second 
part of a work on the system of organic 
development. It considers the subject from 
the Darwinian but not from the materialis- 
tic point of view. It first regards man in 
his place in the world, in the mechanical 
and teleological aspect, afterward as related 
to the animals and as related to the indi- 
viduals of his own species. Under the last 
head are given discussions of the differences 
among men and the manner in which they 
are formed, the hereditability of character 
and race-features, and the conditions and 
relations under which the propagation and 
spread of the rpce are carried on. The 
question of the unity of the species is con- 





sidered as pertinent tu this point. The 
place of man in time forms a second divi- 
sion of the subject; under it are discussed 
the origin of the race and the light thrown 
upon it by the earliest relics that have been 
discovered, and the centers from which the 
different families have spread. The devel- 
opment of intelligence is treated of in a 
third division, as related to culture, lan- 
guage, and civilization, the last head includ- 
ing the three subdivisions of development 
in religious and moral views and regula- 
tions, the development of social life and 
usages, and industrial and scientific efforts. 
The plan of the work is systematic, the 
method of treatment and the style are plain 
and straightforward, the thoughts are richly 
illustrated with citations of facts, and the 
manner is modest. 


Das Breer unp seme Bererrune EINsT UND 
zerzt. Fre ZyMorecuyiscus SrupDien. 
(Beer and its Manufacture formerly and 
now. Free Zymotechnic Studies.) By 
Hans von peR Pianirz. Munich: R. 
Oldenbourg. 


Tue author of this monograph is a young 
man who received a part of his education 
in the United States, and has since been as- 
sociated in scientific and practical opera- 
tions in connection with brewing works in 
Germany. He has intended to give all that 
is known respecting beer, and has embodied 
in his not very large pamphlet a great 
amount of historical, technical, and statisti- 
cal information. He traces the history of 
beer from ancient Egypt, where it appears 
to have been first mentioned, to Greece ; 
and discusses the theory that it was carried 
to western Europe through Armenia, Scythia, 
and the Celtic and Teutonic migrations. 
The extent and condition of the manufac- 
ture and trade in the middle ages and the 
usages of the time in respect to them next 
come under view, after which we are brought 
down to the present, with its carefully stud- 
ied processes and the recognition of beer 
asa staple article of production and con- 
sumption in nearly all countries. In this 
department, the fruits of scientific studies 
are reviewed, the arguments for and against 
the use of beer are mentioned, and the 
place it occupies in the economy of the in- 
dustrial and commercial world is defined. 
The statistical information is full and de 
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January, 1880. Pp. 80. $2 year. 

Tus is a new journal of social science, 
published by the Fortnightly Club, at Berke- 
ley, California. Its purpose is defined to be 
to give public expression to the individual 
views of members of the Club on topics 
pertaining to society, to stimulate other per- 


of papers upon them. The January number 
contains six papers on questions of govern- 
ment, the guidance of Society, civil service, 
and related topics. 


Price, 35 cents. 

Tas is a collection of such recipes, 
rules, processes, and practical hints as will 
be found of use in the workshop and the 
household. It has -been the aim of the 
compiler to give only such recipes as he has 
tested and found reliable, and such informa- 
tion of processes and methods as will meet 
the needs of those concerned with them. 
The contents are arranged alphabetically, 
and as far as possible all information ap- 
pertaining to any one subject is given under 
one heading. 
eee ieee By J. 

peace inane Soe gp Bal. 10% 1879. aaa 

$1.50, 

Tux author having been invited toprepare 
a German edition of Elderhorst’s “ Mannal,” 
his attention was drawn to the fact that in 
all works on the subject the chemical as- 
pects were subordinated to the mineralogical. 
He determined to prepare a work from the 
chemical point of view, following only the 
peculiar and practical arrangement of Elder- 
horst. The translation has been printed 
under the personal supervision of the author. 


Lawpaver. Au- 
As pe hae Tay- 
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Usrrep Srarzs Commission or Fish anp 


Fisnermes. Parr V. Reporr or rue 
pnacmensc ty Pose: ” dg gc 


Government Printing-Office. 
981. With Plates. 1879. 


Tue report embraces, first, the result of 
inquiries into the condition of the fisheries 
of the seacoast and lakes of the United 
States; and, second, the history of the meth- 
ods adopted for the introduction of useful 
food-fishes into its waters. The niost im- 
portant single fact ascertained by the Com 
mission during the year was the existence 
on the whole coast of New England of a 
large flounder (Glyptocephalus cynoglossus)y 
known in Europe as the pole or craig, an ex- 
cellent food-fish, with the best qualities of the 
turbot, occurring in abundance and entirely 
unknown to the fishermen. Special attention 
has been given so far to the sea-salmon of 
the Atlantic and Pacific coasts, the land- 
locked salmon, the white-fish, the shad, the 
fresh-water herring, and the German carp. 
Attention will be given to the cultivation of 


: | the smelt; and it is hoped, some time, that 
* | specimens of the Oriental gourami, a use- 


ful fresh-water fish, will be added to the 
list. The most valuable and by far the 
largest part of the volume is occupied with 
the Appendix, more than half of which is 
taken up with.a treatise on the menhaden 
and its products, amply illustrated, and a 
large part of the other half with papers on 
the cod, the cod-fisheries of the Loffoden 
Islands, and other fisheries of Norway. 


Guiwes ror Scrence-Teacnine. — The 
Boston Society of Natural History is pub- 
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room for the mental training of children. 
Other books are “ A First Lesson in Natural 
History,” by Mrs. Agassiz; and “ Commer. 
cial and other Sponges, and Common Hy- 
droids, Corals, and Echinoderms,” by Profes- 
sor Alpheus Hyatt. Boston: Ginn Brothers. 


Tas Rerorr or rue Commissioners oF 
Fisuearres or tue Starz or CaLirornia FOR 
rae Years 1878 anv 1879 records the prog- 
ress of the efforts to stock the rivers and 
lakes of the State with valuable fish ; and 
gives also a report by Mr. W. L. Locking- 
ton upon the food-fishes of San Francisco. 
The introduction of salmon into the Sacra- 
-mento River has been attended with great 
success. White-fish have thriven in the 
lakes. Seventy-four catfish from the Rari- 
tan River, planted in lakes near Sacramento 
in 1874, have increased to millions, and fur- 
nish an immense supply of food. Sacra- 
mento: State Printing-Office. 


Tae Rerort or rus Enromo.ocist oF 
tae Unstrep Srares, Department or Aari- 
cutturg, is largely occupied with the de- 
scription of insects affecting the cotton- 
plant, and of the silk-worm and its culture. 
It also notices a considerable number of 
insects which are locally destructive to veg- 
etation. Washington: Government Print- 
ing-Office. 


A Lecrure on Perrorevm, rrs History, 
Commenciat Importance, Uses, anp Dan- 
Gens, by P. Scunerrzer, Ph. D., of the Mis- 
souri State University, embodies a great 
deal of information or the subject in a small 
pamphlet. Printed at Columbia, Missouri. 


Vowst Turontmes, by Arexanper Gra- 
Ham Batt, describes investigations into the 
physiology of the formation of the vowels 
im the throat and mouth, and experiments 
with the phonograph, which were under- 
taken by Mr. Bell with reference to their 
bearing upon Helmholtz’s theory of the 
harmonic composition of the vowel-sounds. 
New York: William Wood & Co. 


“The Industrial News and Inventor's 
Guide.” This is a new journal, edited by 
Mr. C. B. Norton, and is the organ of the 
American Industria] Exhibit Company (lim- 





ited) of New York. It is a monthly maga- 
zine of twenty pages quarto, illustrated, the 
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pense. The first number is filled with mat- 
ter relating to the Australian Exhibitions 
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NarouraL Serection iv Piants, by Rosert 
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Manon 31, 1879, by Professor Danre: Kiex- 
woop, is an account of all the meteors ob- 
served during the time which were brought 
to the notice of the author, with the attend- 
ant circumstances and phenomena. Many 
of the descriptions were given by the ob- 
servers personally ; others are gathered from 
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classification of varieties, with numerous 
references to authorities. Among the spe- 
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not known in Europe before Columbus, hav- 
ing been introduced by the Northmen. It 
seems to have been known in China as early 
as the sixteenth century. Charles Van 
Benthuysen & Sons, Albany, N. Y. 
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POPULAR MISCELLANY. 


- ‘Phe Old Biver-Beds of Middle California. 
—Old river-beds are found in nearly all 
* @ountries which have been affected by drift 
agencies. They are also found in Califor- 
nia, but, while in other parts of that State 
they present general features similar to those 
of the Eastern States, those of the aurifer- 
ous slate belt of middle California are en- 
tirely different in character and in their sit- 
uation as respects the present river-beds, and 
are in some respects unique. In most other 
countries the present river-beds occupy the 
same position as the old ; the rivers of mid- 
dle California have been displaced by lava- 
flows from their former position, and com- 
pelled to cut entirely new channels. Instead 
of cutting these channels at a higher level 
than the older ones, as has been usually ob- 
served, the displaced rivers in California 
have cut them two or three thousand feet 
deep in the solid slate, leaving the old de- 
tritus-filled channels far up on the dividing 
ridgés, In other parts of the United States 
the drainage system has remained substan- 
tially unchanged since Tertiary times, but 
in this California region the new drainage 
system is entirely independent of the old, 
having the same general direction, but some- 
times cutting across it. The detritus in the 
old river-beds of California is composed of 
large pebbles and bowlders, instead of the 
silts generally found, and is capped by lava 
or other volcanic material. In these obser- 
vations Professor Joseph Le Conte and Pro- 
fessor Whitney substantially agree. Pro- 


clusions in a paper in the last number of the 
“ American Journal of Science.” The old 
stream-beds, as they are exposed in the 
processes of hydraulic mining, are shallow, 
lowest in the middle and rising to the sides, 
with such forms ground upon the surface 
of the bed-rock at their bottom as are al- 
ways produced by swift currents carrying 
coarse materials, and are in marked contrast 
with the deep, sharply V-shaped cafions 
which characterize the present rivers in the 
same region. The filling up of the beds 
consists of a lower course, sometimes a few 
feet, sometimes many feet in thickness, of a 
conglomerate of pebbles and bowlders of 





THE POPULAR SCIENCE MONTHLY. 


considerable size, cemented with sand and a 
blue clay. Above this are alternate layers 
of pebbles, gravel, sand, and clay, with frag- 
ments or trunks of trees of the Pliocene 
agé, and bones of the mammalia of the Pli- 
ocene and Quaternary ages, and perhaps 
human relics. Above the detritus is a cap- 
ping of volcanic matter, a tufaceous con- 
glomerate, with or without basalt over it. 
Professor Le Conte accounts for the singu- 
lar phenomena by a theory, the principal 
features of which are that the old drainage 
system began to be formed after the birth 
of the Sierra Nevada, at the close of the 
Cretaceous period, and continued to exist 
through the Tertiary; the Sierra rose during 
the Glacial period, accumulated great masses 
of snow and ice and glaciers that were to 
play a part in filling the beds, and made the 
courses of the rivers much steeper than they 
had been before. The eruptions which threw 
out the volcanic products were preceded by . 
a period of underground heat which melted 
the accumulated ice-masses. The waters 
and ice rushing in violent torrents brought 
down the coarse gravels and masses of rock, 
and dropped them as they became too great 
a load for the streams to carry. Afterward 
came the eruptions, first of ashes, then of 
lava, which flooded the mountain-slopes and 
completely obliterated the drainage system. 
Coincidently there were a considerable eleva- 
tion of the Sierra range and an increase of 
the mountain-slope. Theglaciers and rivers 
now began to cut a new system of channels 
independent of the old ones. They pre- 
ferred the old divides, for the lava was 
thirnest or wanting there. As a necessary 
consequence of the increased elevation, the 
new channels were cut down to a level be- 
low that of the old ones. 


Age of the Green Meuntains.— Professor 
James D. Dana gives, in the “ American 
Journal of Science” for March, his reasons 
for having in the new edition of his “ Ge- 
ology ” referred the epoch of the formation 
of the Green Mountains—in the system of 
which he includes the whole region between 
the Connecticut and the Hudson—to the 
close of the Lower Silurian period. They 
are, when summarized: 1. That the western 
half of the region is proved to consist of 
rocks of the Lower Silurian age, and of one 
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orological system; 2. The schistose rocks 
of the eastern half, in Vermont, are to a 
large extent similar to those of the western ; 
8. The rocks of the central mountain sec- 
tion in Vermont are, in its northern part, 
identical schists with those on the east and 
west sides of it; 4. The western border of 
the region in the Hudson River Valley has 
its folded or upturned Hudson River (Low- 
er Silurian) slates overlaid unconformably 
by the Niagara and Lower Helderberg (Up- 
per Silurian) beds; 5. The eastern border 
of the region in the Connecticut Valley at 
Bernardston, in Massachusetts, Vernon, in 
Vermont, and the adjoining part of New 
Hampshire, has Lower Helderberg beds 
overlying, unconformably, folded or up- 
turned roofing- slates (similar to those on 
the western side), the Lower Silurian age 
of which is not improbabie ; and at Little. 
ton, in New Hampshire, and on Lake Mem- 
phremagog, in northern Vermont, occur 
uncoaformable Upper Helderberg (Lower 
Devonian) beds with fossils; 6. A moun- 
tain-individual of folded rocks—which is 
defined as comprising all the elevations or 
results of upturning or flexure that were 
produced over a continuous region in one 
mountain-making process—is necessarily 
one of great magnitude. Professor Dana 
does not consider his theory as established, 
for a further study of the stratigraphy of 
the eastern part of the region is required 
for that, but he believes that the facts, 
which he reviews in detail, are strongly in 
its favor. 


Gas and the Electrie Light.—The ques- 
tion of the feasibility of substituting the 
electric light for gas is yet far from settle- 
ment. The competition will be finally de- 
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more fixed. Burners constructed with this 
object in view have been tried in London, 
and found to give a considerable increase of 
light at a less increase of expense. Other de- 
vices, produced by French inventors, promise 
well. The inventors of electric lights seek 
either to produce single lights to supplement 
the defective illumination given by ordinary 
lights, or to divide the light, so as to make it 
take the place of gas entirely. The appara- 
tus devised by Messrs. Regnier and Werde- 
mann and Mr. Edison, for the latter pur- 
pose, give an agreeable light; but that is 
only a part of the problem. The difficulty 
of securing an economical production and 
supply of electricity remains, and that equal- 
ly whether we seek to distribute it so that 
each consumer shall use only what he needs, 
or to store it in reservoirs of force. Experi- 
ments which have been made upon the 
amount of light produced per horse-power — 
of motive force give greatly varying re- - 
sults. The light of M. Mersanne, with the 
Lontin machine, is rated at 80 carcels; the 
Jablochkoff light, with the Gramme ma- 
chine, at 38 carcels; and Mr. Edison’s ma- 
chine, with 10 of his carbon lamps, at 16 
carcels, A comparative trial of the strength 
of the Jablochkoff and Mersanne lights and 
gas was made in the latter part of Decem- 
ber at one of the railway-stations in Paris. 
Six of the Jablochkoff lights, ten compound 
intensive gas-burners, and four Mersanne 
lights, were used. The brilliancy of the 
gas-light was to the Mersanne light as 1 to 
5°67, and to the Jablochkoff light as 1 to 
1-927. Ondirect comparison, the brilliancy 
of the Jablochkoff was to the Mersanne gs 
1 to 8. Roughly, 6 Mersanne lights were 
equivalent to 18 Jablochkoffs and 34 gas-jets- 


Composition and Uses of Celluleid.—Cel- 
luloid, which has come into extensive use 
in the arts, is a species of solidified collo- 
dion, produced by dissolving gun-cotton in 
camphor with the aid of heat and pressure. 
From a description of its composition and 
mode of manufacture by Dr. W. H. Wahl, 
we gather the following: The process of 
preparing gun-cotton is well known ; by it 
the properties of the vegetable fiber are so 
changed that it becomes soluble in alcohol 
and ether, as in making collodion, cam- 
phor, and other substances. In the pro- 
cess invented by the brothers Hyatt, gun- 
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about 300°, at which temperature the cam- 
phor fuses, and, its volatilization being im- 
possible, the melted camphor dissolves, or 
“converts,” the gun-cotton pulp. The pro- 
cess of transformation is rapidly effected 
when the right temperature is reached, and 
the product is celluloid. After the mass 
is taken from the press it hardens and be- 
comes tough and elastic. A noteworthy 
cireumstance is, that a large portion of the 
camphor appears to be permanently held in 
the mixture, so that its property of volatili- 
zation, when exposed to the air, is arrested. 
Celluloid is so extensively used as a substi- 
tute for ivory that it is said to have serious- 
ly affected the business of ivory importers 
and workers. It has all the strength and 
elasticity of this substance, and does not 
warp or discolor with age. It is used in 
place of tortoise-shell, ‘malachite, amber, 
pink coral, and other costly and elegant 
materials, which it is made to imitate very 
closely. Its latest use is in combination 
with linen, cotton, or paper, for shirt bos- 
oms, cuffs, and collars. 


Experimental Glaciers.—Mr. J. T. Bot- 
tomley describes in “ Nature” a successful 
experiment which has been arranged by him- 





self and Mr. D. Macfarlane for constructing 
a model glacier with shocmaker’s wax. A 
little wooden ravine was prepared, with 
steep declivities and gentle slopes, and a 
point where the space was narrowed by pro- 
jections inward. At the upper end of the 
ravine a flat place was fixed, on which shoe- 
maker’s wax was piled, as snow collects at 
the upper end of the natural ravine. A 
supply of shoemaker’s wax was put on the 
top at the beginning of each winter’s ses- 
ie | ciety elbetaes 2 000 of Samb-eulbd: comecet 
went on steadily during the session, hardly 
perceptible from day to day, but progress- 
ing from week to week and from month to 
month. Several of the glacial phenomena 
were beautifully imitated with the wax; 
among them the more rapid flow of the 
middle with the less rapid flow at the edges. 
Little crevasses were sometimes formed, 
though not often, owing to the great effect 
of temperature on the plasticity of the ma- 
terial. Sir William Thomson, in order to 
test the qualities of shoemaker’s wax as a 
viscous material, a year ago prepared a 
large cake of it, at the bottom of which he 
put some corks, and on the top some bullets. 
The corks at the end of the year had floated 
up through the wax, and were coming out 
at the top, while the bullets had sunk down 
and come through the bottom ; and, while 
this was going on, the wax was all the time 
in such a condition as to be excessively brit- 
tle to any force suddenly applied. 


Seuree of the Niger.—Information has 
reached Marseilles of a successful journey 
to the source of the Niger, which has been 
made by two men in the employment of the 
commercial house of M. Verminck, of Sierra 
Leone. The expedition, it appears, origi- 
nated with M. Verminck himself, who sent 
forth two of his clerks, MM. Zweifel and 
Moustier, with an equipment of surveying 
instruments, maps, and goods, for the ex- 
press purpose of reaching the spot on the 
northern side of the Kong Mountains, some 
two hundred miles from Sierra Leone, where 
both Major Laing, in 1822, and Winwood 
Reade, in 1869, were informed by the na- 
tives lay the sources of the “ Joliba.” The 
two envoys ascended the river Rokelle to 
the foot of the mountains, and seem to 
have met with none of that opposition, from 
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the chief of the important town of Falaba, 
which defeated the attempts both of Laing 
and Reade to reach the sources. The cross- 
ing of the mountains appears, however, to 
have been a difficult undertaking, not accom- 
plished without much determination, aided 
by good luck. The main source was found 
on the frontier of Kirsi and Koranka; in 
short, near the place indicated on Major 
Laing’s map. 


Animal Heat ef Fish.—Surgeon J. H. 
Kidder, of the United States Navy, made 
some observations during last summer in 
connection with the United States Fish Com- 
mission at Provincetown, Massachusetts, to 
test the belief which is still held by many, 
even scientific observers, that fish are cold- 
blooded—that is, that they take on the 
temperature of the water which surrounds 
them, with no power to resist it, and that 
they develop little or no animal heat them- 
selves. Observations made in the usual 
way, by inserting the thermometer into the 
rectum of the fish, agreed with the gener- 
ally received opinion, the fish showing in 
that part but little higher temperature than 
that of the surrounding water. It was 
judged, however, that neither the rectum, 
which is closely exposed to the water, nor 
the arterial blood, which has passed through 
the gills where it is exposed and cooled, could 
have the same value as representing the 
body-temperature in fishes that correspond- 
ing parts possess in mammals and birds, but 
that the degree of heat actually developed 
in the life-processes should be sought in the 
venous circulation and the branchial artery. 
The fish were accordingly opened as soon as 
possible after they were taken out of the 
water, and the bulb of the thermometer was 
inserted inw the cavity of the heart, or the 
branchial artery. Most of the fishes showed 
a perceptibly higher temperature than that 
of the water, rising, in the case of the dog. 
fish, to 12°. A young dogfish, taken from 
its mother’s oviduct, was 20° warmer than 
the water. The number of observations was 
not large enough to warrant a final state- 
ment of the degree of animal heat present- 
ed by the several fishes, but they are held 
to prove that fish develop sufficient heat to 
warm again, to the extent of from 3° to 
12°, blood that has been cooled in each cir- 





cuit to the temperature of the surrounding 
water. An apparent exception to the gen- 
eral result was offered in the case of blue- 
fish, which were cooler than the water; but 
that was supposed to be because they had 
come up from a greater depth and a colder 
stratum of water than that on the surface. 


Sun-Spots and Rainfall.— Mr. E. D. Archi- 
bald writes in “Nature” that, instead of 
changes in the condition of the sun neces- 
sarily affecting every part of the earth in 
the same way, we have many meteorologi- 
cal analogies which favor the notion that 
totally opposite effects may arise in differ- 
ent parts of the earth from the action of 
the name primary causes. Thus, it is gen- 
erally assumed that the same tropical heat 
which gives the primary impulse to the 
desiccating northeast trade-wind of sub- 
tropical latitudes, furnishes the energy 
which exhibits itself in the almost constant 
precipitation under the equator. Any vari- 
ation in the degree of this heat should con- 
sequently affect places in the region of the 
trades and in the equatorial calm-belt, in a 
diametrically opposite manner. The great 
rainfalls of last autumn in England and India 
were ascribed by some to the sun’s emer- 
gence from a period of years marked by the 
rarity of its spots, and shining with in- 
creased radiations on the southern oceans ; 
but Mr. Archibald shows that the rainfall 
of England, between latitudes 50° and 55° 
north, reached a decided maximum in 1877, 
a year of extreme spot-minimum, and was 
very high all through the recent period of 
unusually marked spot-minimum. A table 
of the annual mean range of ,barometric 
pressure at Calcutta from 1840 to 1878, of 
which Mr. Archibald gives a summary in his 
communication, indicates that years of few 
sun-spots were characterized by higher tem- 
peratures, greater wind-velocity, and greater 
range of barometric pressure than those of 
many spots. 


New Bleaching Preparation.—A method 
of applying the ordinary bleaching agents 
(hypochlorites) in a new way has been invent 
ed by Count Dienheim de Brochocki, of Par- 
is. Instead of immersing the goods to be 
bleached in an ordinary “ chloride-of-lime ” 
vat, and subsequently scouring, the inventor 





it at will. The resulting li- 
quid is said to be sufficiently stable to be 
kept without change for two or three 
months; it can readily be prepared of a 
density’ of 30° -Beaumé, and acts as a 


he has made on the toxic effects of tea. 
They were carried on in the cases of five 


whole series of observations he draws the 
conclusions that—1. With tea, as with any 
potent drug, there is a proper and an improp- 
er dose; 2. In moderation, tea is a mental 
and bodily stimulant of a most agreeable 
nature, followed by no harmful reaction. It 
produces céntentment of mind, allays hunger 
and bodily weariness, and increases the dis- 
position and the capacity for work ; 3. Taken 
immoderately, it leads to a very serious 
group of symptoms, such as headache, ver- 
tigo, heat and flushings of body, ringing in 
the ears, mental dullness and confusion, 
tremulousness, “ nervousness,” sleepless- 
ness, apprehension of evil, exhaustion of 
‘mind and body, with disinclination to men- 
tal and physical exertion, increased and ir- 
regular action of the heart, increased res- 
piration. Each of the above symptoms is 
produced: by tea taken in immoderate quan- 
tities, irrespective of dyspepsia, or hypo- 
chondria, or hyperemia; 4. Immoderate 





time, with great certainty produces dyspep- 
sia; 56. The immediate mental symptoms 
produced by tea are not to be attributed to 
dyspepsia; 6. Tea retards the waste or 
retrograde metamorphosis of tissue, and 
thereby reduces the demand for food. It 
also diminishes the amount of urine se- 
creted; 7. Many of the symptoms of im- 
moderate tea-drinking are such as may oc- 
cur without suspicion of tea being their 
cause, and we find many people taking tea 
to relieve the discomforts which its abuse is 
producing. 


Antiquity of the Tebaceo-Pipe.— The dis- 
covery of large numbers of pipes, apparent- 
ly of considerable age, in Great Britain and 
parts of the Continent of Europe, has given 
rise to new and extravagant conjectures as 
to the antiquity of the tobacco-pipe in Eu- 


. | rope. From an article in “The American 


Antiquarian,” by Mr. Edwin A. Barber, we 
learn that these ancient pipes are very small, 
and are found in great numbers in the Brit- 
ish Isles, where they are known as fairy- 
pipes, Celtic or elfin pipes, Dane’s pipes, 
Mab pipes, old man’s pipes, and Carl's 
pipes. A number of them have been found 
so near to Roman remains as to induce the 
belief that they are Roman relics ; but other 
undoubtedly modern remains have been 
found in.a similar connection. The pipes 
resemble modern ones in shape, and often 
bear manufacturers’ marks, which make it 
practicable to estimate their age. The old- 
est of them are supposed to have been 
made during the reign of Queen Elizabeth. 
Probably the oldest illustration of a tobac- 
co-pipe in Great Britain is in a carving on 
a chimney in the keep of Cawdor Castle, 
where among the devices are a mermaid 
playing the harp, a monkey blowing a horn, 
a cat playing a fiddle, and a fox smoking a 
tobacco-pipe. This stone bears the date of 
1510. Mr. Jewitt suggests, in his “ Ce- 
ramic Art in Great Britain,” that herbs and 
leaves were smoked medicinally long before 
the period at which tobacco is believed to 
have been introduced, and that pipes may 
have been in use for this purpose before 
“the weed” was known. British pipes 
may be classified according to age, with 
some degree of certainty ; by form, as they 


tea-drinking, continued for a considerable 
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and then to pipes with long handles and 
pointed spurs. The makers’ marks were put 
on the heels of the oldest specimens, on the 
bowls of more recent ones, and on the stems 
of still later ones. 


Stammering and its Causes.—M. Cher- 
vin, founder and director of the Institution 
for Stammerers, at Paris, has recently made 
researches into the prevalence of stammer- 
ing in France, as shown by the reports of 
the recruiting officers for the army during 
the last twenty years, and into the climatic 
and other influences that are favorable to 
the development of the infirmity. He has 
represented the results of his inquiries by a 
map which exhibits the relative number of 
stammerers in each of the departments at a 
glance. The wap shows that the country 
may be divided into two distinct parts, by a 
line running from Bordeaux to Geneva, on 
the south of which the number of stammer- 
ers is vastly greater than it is on the north 
of it. The proportion of stammerers to 
the whole number of young men who have 
reached the age when they are liable to 
conscription appears to be about five to one 
thousand. The districts along the Mediter- 
ranean coast seem to be the most liable 
to the affliction; and it has been found that 
stammering is also extraordinarily frequent 
in Piedmont, which has a similar climate and 
population. M. Chervin attributes the origin 
of the habit in this region partly to the ex- 
treme animation of the speech of the south- 
ern people, partly to the hot winds which are 
the cause of nervous disorders with which 
stammering may be connected. Stammer- 
ing may be produced by a sudden fright 


_ suffered during childhood. Sometimes the 


habit comes on gradually, or is developed 
by association with stammerers. Men ap- 
pear to suffer more from it than women, es 
all authors agree, so that out of a hundred 
stammerers hardly more than tén or twenty 
wil! be women. This may, however, only 
signify that men feel more inconvenience 
from the evil and notice it more, The re- 
ports of the recruiting officers show that the 
proportion of stammerers is three or four 
times less in the cities than in the country ; 
a fact that is very suggestive by the side 
of another which M. Chervin has brought 

















travelers. It is ascribed to the absence of 
a knowledge of their language, and to the 
frequent repetitions of the same syllables 
which appear in their words. 


Investigating the 
gates were appointed in the summer of 
1878, by a number of British societies, to 
consider the possibility of formulating the 
existing knowledge on the subject of the 
protection of property from damage by elec- 
tricity, and the advisability of preparing 
and issuing a general code of rules for the 
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NOTES. 


W. Muer, Deputy United 
Commissioner, died at Wauke- 
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described by the doctor are so prominent in 
the record of symptoms and pathological 
eee oo to Shee o-tuoaiel character to the 
disease quite different from that of yellow 
fever in man.” 


Tue committee appointed by the French 
Minister of Public Instruction has awarded 
the Volta Prize of 50,000 francs, or $9,500, 
to Mr. Graham Bell. 


An extraordinary prize of 3,000 francs 
feck 


$600) has been awarded, by the 
Academy of Sciences, to Professor 
Crookes, F. R. 8., in recognition of his re- 
cent discoveries in molecular physics and 


radiant matter. 


Tue Council of the London Entomol 
eal Society has offered a prize of £50 (or 
$2650) for the best and most complete life- 
history of Sclerostoma su 
so-called “ 


pposed 
pes” in poul- 
other birds; and another 
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prize of £50 for the best and most com- 
plete life-history of Strongilus i 
su cule ak eaten te 
life-history will be considered sati 

unless the different stages of development 
are considered and recorded. The competi- 
tion is open to naturalists of all nationali- 
ties. Essays in English, French, or German 
may be sent in on or before October 15, 
1882. 


In a paper read before the French Acad- 
emy of Sciences on the variations in the force 
of the action of the heart, M. Marey has ob- 
served that the force increases as the heart 
is full. On this principle he accounts for 
what takes place when an obstacle to the 
current of the blood raises the arterial pres- 
sure and creates a ter resistance to the 
action of the heart. The heart slackens its 
movements ; in consequence of this relaxa- 
tion the ventricle has more time to fill up, 
and really fills up more; it is then, at the 

of its new beat, endowed with 

force, and is capable of surmount- 

a resistarice which it could not have 
overcome if it had been less full. 


A SINGULAR occurrence is reported to 
have taken place lately at Leck, in the 
grand duchy of Nassau. During a severe 
storm in the night the electric feil 
into a fish-pond stocked with several species. 
On the next morning the fish were all found 
at the top of the water, dead. Their ap- 
pearance was like that of boiled fish, and 
their meat fell to pieces when it was han- 
died just like the meat of cooked fish. No 
hurt, either internal or external, could be 
perceived ; the scales were not bruised, and 
the swi -bladder was preserved still 
full of air. water was disturbed and 
muddy at the time, as if it had just been 
stirred up. 


Mr. M. Reywoxps, in a paper read before 
the London Association of Foreman Engi- 
neers on practical engine-driving, referred 
to a source of danger on the locomotive 
which is, perhaps, more important even 
than that arising from color-blindness. This 
is the blinding effect of the glowing white 
light of the engine-fire, a brief glance into 
which, he said, renders the person who has 
looked for a time unable to recognize the 
colors of the signal-lamps. 


Tae death is announced of Professor 
David Thomson, for thirty-five years Pro- 
fessor of Natural Philosophy in the Univer- 
sity of Aberdeen. He was the author of 
papers on “ The Velocity of the Waves of 
the Sea” and “On Double-Cylinder Pump- 
ing-Engines.” 

M. Watrerpay, the inventor of the min- 
imum thermometer, died in Paris near the 
end of January, at the age of eighty-five. 
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